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K. 1 


K. PREAMBLE 


This collection of sample problems is a supplement to Volume 1 
of DESAP 1: "Theoretical and User's Manual". In making up this 

volume, our aim was to find examples that would best serve the 
following functions: 

1) Illustrate and supplement the input instructions of Volume 1, 
and to familiarize the user with the output. 

2) Explain, with examples, special problem areas and peculiar- 
ities that may arise in the use of the program. 

3) Provide example problems that may be used for debugging the 
program during installation on a new computer system. 

4) Compare the results of DESAP 1 against solutions obtained by 
other means, whenever possible. 

Although DESAP 1 is designed primarily for the use of large 
structures, the stated purpose of the sample problems is clearly best 
fulfilled by small, simple examples that do not necessarily represent 
realistic design situations. Consequently, the problems appearing 
in this volume should be viewed strictly as tools of instruction, 
which in no way reflect the ultimate capabilities of the program. 

Because our experience with the program is rather limited at 
this time, the example problems may well have overlooked some trouble- 
some aspects of design, or even deficiencies in the program itself. 

The extensive computer output from each design cycle is, however, a 
powerful diagnostic tool that should enable the user to pinpoint the 
difficulty and make the appropriate correction. 
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An example problem is given for each element type presently used 
in the program. Each problem contains a complete description of the 
input data, including an echo of the input cards, and the computer 
printout of the input information. In order to reduce the bulk of 
the report, only a partial listing of the computer output is duplicated, 
containing the initial and the final designs. The complete history of 
a design is usually summarized by tabulating the design variables. 

In compiling the sample problems, we were seriously handicapped 
by a lack of adequately documented optimal design problems in existing 
literature. For this reason, a one-to-one comparison of the results 
of DESAP 1 with independently obtained solutions is lacking in many of 
the problems. 

As a final note, we would like to remind the user again that 
DESAP 1 is oriented towards large problems. Mainly due to an extensive 
use of auxiliary storage devices and other core-saving features, the 
program is not efficient for small structures as used for the sample 
problems. Consequently, the computer times for these problems are 
not expected to be competitive with runs obtained from programs 
especially designed for structures of limited size. 



I 


L.1.1 


L. BAR ELEMENTS 


L.l Ten-Bar Cantilever Truss 



Layout of Cantilever Truss 

The truss shown in Fig. L.1.1 is subjected to a single load con- 
dition also defined in the figure. All the members are to be sized 

independently. The data employed in the design is: 

7 

E = 10 psi (Young *s modulus), 
o* = a* = 25,000 psi (allowable stress). 

3 

p » 0.1 lb/in (specific weight). 

2 

A* = 0.1 in for all members (min. allowable cross-sectional area). 
2 

A = 20 in for all members (initial cross-sectional area), 
u* = + 2 in. for nodes 2, 3, 4 and 5 (max allowable displacements 
in + y-directions) . 
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L.1.2 


Local buckling o£ members is not considered as a design criterion. 

It is known from previous treatment of the problem [9,10] that 

the design converges slowly 24 design iterations were reported in [9] . 

The slowness is caused by the presence of passive members (governed 
by the minimum size constraints) in the final design, combined with 
unrealistically small minimum allowable sizes. 

In view of this prior knowledge, it was decided to over-relax 
the displacement-constrained design, thereby reducing the number of 
design cycles. The design was carried out in two stages. In the first 
stage a = 0 was used for one cycle (NCYCL = 1), and a restart deck was, 
requested (KPUNCH = 1). The restart deck was then employed to start 
the second stage with = 0.25; the minimum weight design was obtained 
after five additional redesigns. The history of the design process 
has been summarized in Fig, L.1,2 and Table L.1,1. 

Special iteteg oit iiiflut -output : 

1) Uniform scaling is an exact operation for this particular problem, 
since all the element stiffness matrices have the form [K^] = [k^]A^. 
Consequently, KSCALE = 1 was used in Design Control Data. 

2) In the absence of local buckling in the stress-constrained design, 
the distinction between Construction Codes Nos. 1 and 2 vanishes. 

We chose quite arbitrarily KODE = 1. 

3) Local buckling of members was eliminated as a design consideration 
by leaving the moments of inertia blank on the Geometric Property 
Cards. The blanks were replaced by the computer with I- = I- = 10^, 
which in turn results in very high buckling strength. 
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4) A negative displacement ratio (see Evaluation of Design No. 0) 
indicates that the ratio is determined by a displacement constraint 
in the negative coordinate direction. 

5) Load Condition = 0 (see Evaluation of Design No. 5) denotes that 
the stress ratio is determined by a minimum size constraint. 

6) The design procedure was terminated when a weight increase was de- 
tected between Design Nos. 5 and 6 (see Evaluation of Design No. 6). 
This increase is due to the appearance of an active stress constraint 
which tends to push the design past the minimum weight point towards 
the fully stressed design. 
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Stage 2 

(ct=0.25) 



i-H 

tu 

0 

1 

1 

2 

3 

4 

5 

6 

1 


54.65 

27.69 

27.29 

24.80 

23.86 

23.79 

27.81 

2 


5.91 

16.88 

11.80 

15.23 

14.41 

14.96 

18. 15 

3 

20.0 

3.21 

5.09 

2.82 

1.82 

0.63 

0.32 

0.16 

4 

20.0 

3.21 

5.09 

2.82 

1.82 

0.73 

0.10 

0.12 

5 

20.0 

52.60 

27.15 

30.68 

29.85 

31.11 

30.58 

37.41 

6 

20.0 

2.57 

0.55 

0.13 

0.10 

0.10 

0.10 

0.12 

7 

20.0 

17.26 

15.70 

19.76 

19.63 

21.44 

20.83 

26.05 

8 

20.0 

18.48 

14.73 

13.31 

9.88 

8.14 

8.46 

7.92 

■9 

20.0 

6.42 

6.16 

4.09 

2.56 

1.03 

0.12 

0.12 

El 

20.0 

11.83 

18.87 

18.23 

20.46 

20.91 

20.88 

25.84 


Table L.1.1 


Design History of Cross-Sectional Areas. 
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Echo of Input Cards for the First Stage of Design (a 


0 ) 


Cn 
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NUMB PR or NODAL POINTS = 6 
NUMRPP qp element TYPFS = l 
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NUMRFP OF PES. VARIABLES = 10 
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ncycl = 1 

KSCALE= 1 

DELTA = 0.100OE-01 

EPSIL = 0. 1000E-01 

KDISP = 1 

OMEGA = 0.80000 

ALPA = 0.00000 
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the 

First 

Stage of Design (a = 
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(Input data and the initial design only are reproduced.) 
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NOPAL niSPLACFMENT/ROTATr TN CONSTRAINTS 
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NOPAL OISPL ACFMFNTS AND ROTATIONS 
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ANALYSIS OP DESIGN NUMBER 5 

****************************** 


NODAL DISPLACEMENTS AND ROTATIONS 
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VALUFS OF OESIGN VARIABLES 
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ANALYSIS OF TRUSS ELEMFNTS, C0NS7RN CCDF= 1 
ELEMENT X-SECT AREA LOAD CONO AXIAL FORCE 
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? 0.1496E 02 
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A 0.1000E 00 
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-0.1443E 06 
O.1305E 06 
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******************************* 
^VALUATION QF DESIGN NtJMBFR 5 
******************************* 


STRESS RATIO LOAD CONO OF S VARIABLE 
MAX 0.1000F 01 0 A 

MIN 0.2643E 00 l 0 

MAX DISP RATIOS LOAD COND EON NUMBER 

-0.1001E 01 1 4 

-0.1002E 01 1 6 

Computer Printout for the Second Stage of Design (a = 0.25) 
(The last two designs only are reproduced.) 
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0.1203F 01 
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1 
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h' 
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-0* 980OF 00 
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UNIFORM SCALING 0PFRAT1 ON FOLLOWS 


SCALE FACTOR IS 1.203AND OETFRMI NEO BY STRESS CrNSTPAINTS 
DESIGN VARIABLES OF SCALED (CRITICAL! OESIGN ARE 
VALUES OF DESIGN VAPIABLFS 

123*56789 10 
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STRUCTURAL WEIGHT* 0.6067F 0* 

REDESIGN OPERATION FOLLOWS 

TFRMINAL DESIGN LIGHTEST CRITICAL DFSIGN IS OESIGN NUMBER 5 
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M. BEAM ELEMENTS 


M. 1 Plane Rectangular Frame 

The geometry of the frame is defined in Fig. M.1.1. Each of the 
twelve elements is . sized independently, but the cross-sectional pro- 
portions of the reference section must be maintained throughout the 
structure, i.e.. Construction Code No. 2 is to be used. 

The frame is subjected to three load conditions shown in Fig. M.1.2. 
The remainder of the design data is: 

E = 29 x 10 2 * * * 6 psi (Young's modulus). 

a* = a* = 29,000 psi (allowable stresses). 

3 

p = 0.283 lb/in (specific weight). 

2 

A* = 0.1 in for all elements (min. allowable cross-sectional 
areas). Since this value is never reached during design, 
it is equivalent to having no lower bound on the element 
sizes . 

2 

A = 30.0 in for all elements. (initial cross-sectional areas). 
Note that this value differs from the cross-sectional area 
of the reference section. 

u* = + 0.3 in for nodes 1,5,6 and 10 (max. allowable displace- 
ments in + x-direction) . 

Symmetry of structural layout, loading and the constraints will 
result in a material distribution that is also symmetric. We may take 
advantage of this knowledge and impose symmetry conditions on the 
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design at the outset, using the following equal size constraints: 

Aj = A 2 (. Dj) , A 3 - A 4 (- D 2 ) , 

A$ = A 6 (= Dj ) , A, . A 8 (. D„) , 

A 9 = A 10 ^ D 5^ 9 A 11 “ A 12 °6^ * 

where D^, i = 1,2,..., 6 are the independent design variables. It is 
now sufficient to consider load conditions (1) and (2) only. 

The design history of the frame is summarized in Table M.1.1 
The final design was reached after six redesign operations, but the 
weight changes in the last two redesigns are negligible. The design is 
governed by stress and displacement constraints simultaneously. 

A frame with identical layout, loading and constraints has been 
treated in Ref. [9] by a somewhat different design method. The optimal 
design was reached in 12 design cycles. A direct comparison of the 
results with those of DESAP 1 is not practical, however, because the 
proportions of the cross section were not kept entirely constant in [9] . 

Special notes on input -output : 

1) We set KSCALE = 2 in the Design Control Data, thereby implying that 
the internal forces remain unchanged upon uniform scaling, i.e. 
that scaling is an exact operation. The above is true only if the 
contribution of the axial deformations is neglected in comparison 
to the bending deformations, which may indeed be done for orthogonal 
frames . This approximation in no way impairs the accuracy of the 
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final design; it simply means that for a scaled design the 
maximum stress or displacement ratio (whichever governs) is not 
precisely one. 

2) Node number 13 in Nodal Point Input Data is used solely for de- 
fining the direction of the local y-axis of each element (also 
see Element Data) . 

3) Bending takes place about the local z-axis; consequently properties 
of the cross section about x and y-axes do not have to be defined 
on the Geometric Property Cards. 


Des . 
Var. 



Critical, Scaled Designs (sq. 

in. ) 


Elem. 

0 

i 

2 

3 

4 

5 

6 

1 

1,2 

30,00 

24.39 

19.91 

16.30 

13.84 

12.51 

11.70 

2 

3,4 

30.00 

21.05 

15.31 

11.68 

9.57 

8.55 

8.09 

3 

5,6 

30.00 

22.68 

16.63 

12.10 

10.99 

11.08 

11.19 

4 

7,8 

30.00 

34.83 

39.11 

41.35 

43.07 

44.06 

44.59 

5 

9,10 

30.00 

22.33 

20.60 

21.74 

22.63 

23.16 

23.45 

6 

11,12 

30.00 

30.25 

31.11 

31.43 

31.85 

32.21 

32.37 

Wt. (kips) 

13.24 

11.59 

10.75 

10.21 

10.04 

10.03 

10.03 


Table M.1.1 

Design History of Cross-Sectional Areas and Total Structural Weight. 
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Computer Printout 

(Input data, the initial design and the final design only are reproduced.) 
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MULTtPL JFRS 
C 

P 

t 

0.000 

0.000 

o.ooo 

0.000 

2 

0.COP 

o.ooo 

n.OOO 

0.000 


M.l 



NOPAL niS»LACFMFMT/pnr ATI CN CONSTRAINTS 


NPOF 

10A0 

/ 




[.ALL9WABLF 

DISPLACE!* 

'FNTS AND ROTATIONS — 


— 


/ 

NO, 

CASE 

nx 

DY 


RX 

R Y 

PZ 

-DX -DY 

-DZ 

-PX 

-RY 

-PZ 

1 

l 

0.30000 

0.00000 

0.00000 0.00000 

0.00000 

0.00000 

-0.30000 0.00000 

0.00000 

0.00000 

0.00000 

0.00000 

1 

7 

0.30000 

0.00000 

o.noooo o.noooo 

0.00000 

0.00000 

-0.30000 0.00000 

0.00000 

0.00000 

0.00000 

0.00000 

«; 

\ 

0 . 30000 

0. 00000 

0.00000 o.oooon 

0.00000 

0.00000 

-0.30000 0.00000 

0. 00000 

0.00000 

0.00000 

0.00000 

5 

7 

0.30000 

0.00000 

0.00000 0.00000 

0.00000 

0.00000 

-0.30000 0.00000 

0.00000 

0.00000 

0.00000 

0.00000 

f> 

1 

0.30000 

0.00000 

0.00000 0.0"000 

0.00000 

0.00000 

-0.30000 0.00000 

0.00000 

0.00000 

0.00000 

0.00000 

6 

7 . 

0.30000 

o.ooono 

0.00000 0.00000 

0.00000 

0.00000 

-0.30000 0.00000 

0.00000 

0.00000 

0.00000 

0.00000 

10 

\ 

0. ’0000 

0.00000 

0.00000 0.00000 

0.00000 

0.00000 

-0.30000 0.00000 

0.00000 

0.00000 

0.00000 

o.ooono 

in 

7 

0.30000 

0.00000 

0.00000 0.00000 

o.ooono 

0.00000 

-0.30000 0.00000 

0.00000 

0.00000 

0.00000 

0.00000 

NPDAI. 

POINT 

LOADS 











NOOF t.OAO 


APPLIED LOATS 








NO. CASF 

RX 

PY 

PZ 

MX 

MY M? 





1 

1 

o.ooof oo 

-0.500F 

04 

o.ooof on 

O.OOOF 00 

O.OOOF 

00 O.OOOE 00 





J 

7 

0.357E 04 

-0.500F 

04 

O.OOOF oo 

O.OOOF 00 

O.OOOE 

00 O.OOOE 00 





? 

1 

o.oooe oo 

-O.IOOF 

05 

O.OOOF oo 

O.OOOF 00 

O.OOOF 

00 O.OOOE no 





7 

7 

O.OOOF oo 

-0.1 OOF 

05 

O.OOOF 00 

O.OOOE 00 

O.OOOF 

00 O.OOOE 00 





3 

1 

O.OOOF 00 

-0.1 OOF 

05 

O.OOOF oo 

O.OOOF oo 

O.OOOF 

00 O.OOOE 00 





3 

2 

O.OOOF oo 

-0.1 OOF 

05 

n.nrop oo 

O.OOOF 00 

O.OOOF 

00 O.OOOE 00 





& 

1 

O.OOOF 00 

-0.100F 

05 

O.OOOF 00 

O.OOOF 00 

O.OOOF 

oo o.oooe on 





4 

y 

O.OOOF 00 

-0.100F 

05 

O.OCOF oo 

O.OOOF 00 

O.OOOE 

00 O.OOOF 00 





5 

1 

O.OOOF oo 

-0.500* 

04 

O.OOOF oo 

O.OOOF oo 

O.OOOF 

00 O.OOOE 00 





5 

7 

O.OOOF 00 

-0.500E 

04 

O.OOOF oo 

O.OOOE 00 

O.OOOE 

00 O.OOOE 00 





6 

\ 

O.OOOF 00 

-O.IOOF 

05 

O.OOOE 00 

O.OOOF 00 

O.OOOE 

00 O.OOOF 00 





A 

2 

0.892F 04 

-0.1 OOF 

C5 

O.OCOF 00 

O.OOOF 00 

O.OOOE 

00 O.OOOE 00 





7 

l 

O.OOOF 00 

-0.2 OOF 

05 

O.OOOF oo 

O.OOOF oo 

O.OOOE 

00 O.OOOE 00 





7 

7 . 

O.OCOF 00 

-O.?0OE 

OS 

O.OOOF 00 

O.OOOF oo 

O.OOOE 

00 O.OOOE 00 





P 

\ 

O.OOOF 00 

-0.200F 

05 

O.OOQF oo 

O.OOOF 00 

O.OOOE 

00 O.OOOF no 





0 

7 

O.OOOF oo 

-G.200F 

05 

O.OCOF oo 

O.OOOE 00 

O.OOOE 

00 O.OOOE 00 





9 

1 

O.OOOF 00 

-0.200F 

05 

O.OOOF no 

O.OOOF 00 

O.OOOE 

00 O.OOOE 00 





Q 

2 

O.OOOF no 

-0.200* 

05 

O.OOOF oo 

O.OOOF 00 

O.OOOF 

00 O.OOOE 00 





10 

1 

O.OOOF 00 

-O.IOOF 

05 

O.OCOF 00 

O.OOOF 00 

O.OOOF 

00 O.OOOE 00 





10 

? 

O.OOOF 00 

-O.IOOF 

05 

O.OOOF 00 

O.OOOE 00 

O.OOOF 

00 O.OOOE 00 





mTftt 

NUMBER of f qua t tons 


3? 








RAMOW I OTH 



-T 

18 








MUMP FP OF 

FOUATJONS IN A BLOCK 


32 









Nl.tMRcp pF BLOCKS * 1 


M.1.9 


+ #«•*+* ******** ^ ** * * * **** fr*!**** 

•ANAIY5J5 OF hfc J.GN NUMRF" o 
***** **•**♦**: *******:*** ******** 


’ NODAL D15PLACFMFMT5 Aft’O DOTATIONS 


NDDF LOAD 

X 

Y 

7 

XX 

yy 

It 

1? 

1 

O.OOOF-OI 

D.OOOF-Ol 

o.oopp-ri 

0.00005-01 

O.OOOOF-Ol 

O.OOOOF-Ol 


7 

9.0005-01 

O.OOOF-OI 

O.OOOF-OI 

O.OOOP c -Ol 

O.OOOOF-Ol 

o.noooF -01 

12 

1 

o.onoF-oi 

0.900F-01 

0.000 c -0i 

O.OOOOF -01 

O.OOOOF-Ol 

-3.0391F-04 


7 

0.000F-01 

0.090E-01 

o.ooof-oi 

O.OOOO c -Ol 

0.00005-0! 

-1.899RF-03 

U 

1 

O.nnoF-ni 

o.ooof-oi 

O.ODO C -Ol 

0*00005-01 

O.OOOOE-Ol 

3. 0392E-04 


2 

0.00DF-D1 

0.900F-01 

O.OOOF-OI 

O.OOOOF-01 

O.OOOOF-Ol 

-1. 31245-03 

m 

l 

5 • 740 c -0^ 

-l.?4tp-o? 

0.0005-0! 

O.OOOOF-Ol 

O.OOOOF-Ol 

5.1? 16F-04 


2 

2. 37P c -Ol 

-1.357E-02 

O.OO 05 -OI 

O.OOOOF-Ol 

O.OOOOE-Ol 

-1.637BF-04 

q 

1 

7. 869* -03 

-i « 77BE-01 

O.OOOE-01 

O.OOOOF-Ol 

O.OOOOF-Ol 

1 .58125-03 


.? 

?• 355? -0] 

-1.4815-01 

O.OO0F-OI 

o.oooof-^ i 

G.OOOOF-O! 

I.6598F-03 

A 

i 

-5. 849 c -07 

-7.8595-01 

O.OOnc-Ol 

O.OOOOE-Ol 

O.OOOOF-Ol 

6. 8365F- 10 


2 

2.332 c -oi 

-2.R58E-01 

0.0005-01 

O.OOOOF-01 

O.OOOOF-Ol 

3. 3033E-04 

7 

1 

-2.R7l*-0? 

-1 • 778F-01 

0.OOOP-01 

O.OOOOF-Ol 

o.oooor-o! 

-1.5812E-03 


2 

2.3lO c -«l 

-2 • P73F-01 

O.OOOF-OI 

O.OOOOE -01 

o.oooor-oi 

-I.5018E-03 

6 

l 

-6.741*-03 

-I . 2415-02 

0 . 0005-01 

D.oonoc-Oi 

O.OOOOF-Ol 

-5 . 1215F-04 


2 

7. ?P7 C -01 

-1.126E-D? 

Q.OOOP-Dl 

O.OOOOE-O! 

O.OOOOF-Ol 

- 1 » 1864F-03 

5 

1 

-7 « 25IF-03 

-t • 51 7F-02 

O.DOOF-01 

O.OOOOF-Ol 

O.OOOOF-Ol 

2. 848 IF- 04 


?. 

2.P76F-01 

-1.6575-02 

0.0005-01 

O.OOOOF-Ol 

O.OOOOF-Ol 

-4.2769F-05 

4 

? 

-3.6765-03 

-1.004F-01 

O.ODOF-Dl 

O.OOOOF-Ol 

O.OOOOE-Ol 

8.049PE-04 


2 

?.915 c -01 

-B. 6365-02 

O.OODF-Ol 

O.OOOOF-Ol 

O.OOOOF-Ol 

8.3516F-04 

3 

1 

-8.172F-07 

-l.554*=-01 

O.OOOF-OI 

O.OOOOF-Ol 

O.OOOOF-Ol 

-8.64 16E-10 


7 

?. 05 ^-n] 

-1 . 5465-01 

o.ooof-oi 

O.OOOOF-Ol 

O.OOOOF-Ol 

1.5167F-04 

7 

1 

*.6?4*-03 

-1. 0045-01 

0. 0005-01 

O.OOOOF-Ol 

O.OOOOF-Ol 

-B. 04985-04 


7 

2.9n3F-01 

-1.1335-01 

O.OOOF-OI 

O.OOOOF-Ol 

O.OOOOF-Ol 

-7.6807F-04 

1 

1 

7.249*-03 

-1 .5175-0? 

0*0005-01 

O.OOOOF-Ol 

O.OOOOF-Ol 

-2.8481F-04 


7 

3.n^lc-oi 

-1 • 3775-07 

O.OCOF-Ol 

0 . 00905 -ai 

O.OOOOF-OI 

-5. 989 IF- 04 

VALUFS 

OF 

OFMGN VAP I ARL C S 







1 

7 

3 

4 

5* 

6 


n o.oooof o? 0 . 3000 F 07 o.oooof o? o.30oof o? o.?ooof o? 0 . 3000 F 02 


ANALYSTS OF AFAN FLFMFNT5 , CONCTPft! COOF* 7 


flfpfnt 

X-5FCT A* c ft 1 

1 PAH rpNO 

AXIAL PX 

*H5 AP PY 

SFFAp 91 

TOPGUF NX 

MOMENT MY 

MOMENT M2 

l 

0.3000C 

0? 

1 

0.262PF 

05 

0.1500F 

05 

o.oooof 

00 

O.OOOOF 

00 

O.OOOOF 

00 

0.1371F 

07 





-0.2678 c 

05 

-0.1*O0 c 

05 

O.OOOOF 

00 

O.OOOOF 

00 

O.OOOOF 

00 

0.4289F 

06 




7 

0.2821 F 

05 

0.1377F 

05 

O.OOOOF 

00 

O.OOOOF 

00 

o.coooe 

00 

0.9462F 

06 





-0.2321* 

05 

-0.1322F 

05 

O.OOOOF 

00 

O.OOOOF 

00 

O.OOOOF 

00 

0.6398E 

06 

7 

0.3000F 

02 

l 

0.7623F 

05 

-0.150PF 

05 

O.OOOOF 

00 

O.OOOOF 

00 

O.OOOOF 

00 

-0.4290F 

06 





-0.267RF 

0* 

0. 1*00* 

05 

e.nooo c 

00 

O.OOOOF 

no 

O.OOOOF 

on 

-0.137LF 

07 




2 

0.2821F 

05 

-0.167PF 

05 

o.oooof 

00 

O.OOOOF 

00 

O.OOOOE 

00 

-O.2170F 

06 





-0.2321 r 

05 

0. 167P C 

05 

O.OOOOF 

on 

O.OOOOF 

no 

O.OOOOF 

00 

-0.1802F 

07 

7 

0.3000F 

97 

1 

0.762R5 

p 5 

O.FPOO C 

04 

n.noooF 

00 

O.OOOOF 

no 

O.OOOOF 

00 

-0.42B9F 

06 





-0.747« r 

of 

~Ci m Knt\f\c 

04 

O.OOOOF 

00 

O.OOOOF 

OO 

O.OOOOF 

00 

0. 1029C 

07 


M.1.10 






? 

0.28211? 

08 

0.1217*= 

OA 

O.OQOOF 

00 

O.OOOOE 

00 

O.OOOOE 

00 -0.639RE 

06 





-0*2821 F 

05 

-0.3217F 

OA 

O.OOOOE 

00 

O.OOOOE 

on 

O.OOOOE 

00 0. 1026E 

07 

A 

0.3000F 

02 

1 

0.262RF 

05 

-r.FpOOF 

OA 

o.oooof 

00 

O.OOOOE 

00 

O.OOOOF 

00 -0.1029F 

07 





-0* 2620F 

05 

0 • 5000 r 

OA 

O.OOOOE 

00 

O.OOOOE 

00 

O.OOOOE 

00 0.A290E 

06 




2 

0.2820F 

05 

-0.67R3F 

OA 

O.OOOOE 

00 

O.OOOOE 

00 

O.OOOOF 

00 -O.1026E 

07 





-0.2820F 

05 

0.678PP 

OA 

O.OOOOE 

00 

O.OOOOF 

00 

o.oonor 

00 0.2120E 

06 

5 

0, •'OOOF 

0? 

1 

0* 2000F 

05 

-0.262PF 

05 

O.OOOOE 

00 

O.OOOOE 

oo 

O.OOOOE 

00 -0.1783E 

07 





-0.2O0OF 

05 

0.2628F 

05 

O.OOOOE 

00 

O.OOOOE 

oo 

O.OOOOE 

00 -0.1371F 

07 




2 

0 • 1 8 2 2 F 

0* 

-0.2464E 

05 

O.OOOOF 

no 

O.OOOOE 

00 

O.OOOOF 

00 -0.2010E 

07 





-Q. 182 2 P 

05 

0.2464E 

05 

O.OOOOE 

00 

O.OOOOE 

00 

O.OOOOE 

00 -0.9A62E 

06 

6 

0.3000F 

0? 

1 

0.2000F 

05 

O.2620F 

05 

O.OOOOF 

00 

O.OOOOF 

00 

O.OOOOE 

00 0. 1783E 

07 





-0.200OF 

05 

-0.2628F 

05 

O.OOOOE 

00 

O.OOOOE 

00 

O.OOOOE 

00 0. 13 71 F 

07 




2 

0.21 78F 

05 

0.2R21E 

05 

O.OOOOF 

00 

O.OOOOE 

00 

O.OOOOE 

00 0.1583F 

07 





-0.2178F 

05 

-0. 2ft ? 1 p 

05 

O.OOOOF 

00 

O.OOOOF 

00 

O.OOOOE 

00 0.1802E 

07 

7 

0.300™= 

0? 

1 

-0. 208 l F 

05 

0.3000F 

05 

O.OOOOE 

00 

O.OOOOE 

00 

O.OOOOE 

00 0.2768E 

07 





0.20R1F 

05 

-0.3000P 

05 

O.OOOOE 

00 

O.OOOOE 

oo 

O.OOOOF 

00 0.8319F 

06 




2 

-0.1656E 

05 

0.2621E 

05 

O.OOOOF 

00 

O.OOOOE 

00 

O.OOOOE 

00 0.1858F 

07 





0.1656F 

05 

-0.?621 p 

05 

0.0000*= 

00 

n.ooooE 

00 

O.OOOOF 

00 0.1287F 

07 

R 

O.OOOOF 

02 

l 

-0* 20 8 IF. 

05 

-0 . 7000 E 

05 

O.OOOOE 

00 

O.OOOOE 

00 

O.OOOOE 

00 -0.8319E 

06 





0* 208 l P 

05 

0. 3000 c 

05 

O.OOOOE 

00 

O.OOOOE 

00 

O.OOOOE 

00 -0.276BE 

07 




2 

-0.1656F 

05 

-0.3379E 

05 

O.OOOOE 

00 

O.OOOOE 

00 

O.OOOOE 

00 -0.3763E 

06 





0.1556E 

05 

0.3379F 

05 

O.OOOOF 

on 

O.OOOOE 

00 

O.OOOOE 

00 -0.3679E 

07 

9 

O.OOOOF 

0? 

1 

-0.2081F 

05 

0. 1000E 

05 

O.OOOOE 

00 

O.OOOOE 

00 

O.OOOOE 

00 -0. 8319F 

06 





0.208 1 F 

05 

-0. 1000F 

05 

O.OOOOF 

00 

O.OOOOE 

00 

O.OOOOE 

00 0.2032E 

07 




2 

-0.1656F 

05 

0.6207F 

OA 

O.OOOOE 

00 

O.OOOOF 

oo 

O.OOOOF 

00 -0.1287E 

07 





P.1656F 

05 

-0.62O7E 

OA 

O.OOOOF 

00 

O.OOOOE 

00 

O.OOOOE 

00 0.2032F 

07 

10 

O.OOOOF 

02 

l 

-0.20B1F 

05 

-0. 1000E 

05 

O.OOOOE 

00 

O.OOOOE 

00 

O.OOOOE 

00 -0.2032E 

07 





0.208 IF 

05 

0. 1000F 

05 

O.OOOOE 

no 

O.OOOOE 

00 

O.OOOOF 

00 0. 83195 

06 




2 

-0.1AR6F 

05 

-0.1379F 

05 

O.OOOOF 

on 

O.OOOOE 

oo 

O.OOOOF 

00 -0.2032E 

07 





0. 1 656 p 

05 

0. 13TOF 

05 

O.OOOOF 

no 

O.OOOOE 

00 

O.OOOOE 

00 0.3763E 

06 

11 

n. PROOF 

0? 

1 

0.60 OOF 

05 

-0. e; 57AF 

OA 

O.OOOOE 

00 

O.OOOOE 

00 

O.OOOOE 

00 0.1822E 

01 





-0.6000*= 

05 

0.5474E 

OA 

O.OOOOE 

oo 

O.OOOOE 

00 

O.OOOOE 

pn -0. 9853E 

06 




■> 

0.54A2E 

0* 

0.8A51F 

03 

O.OOOOF 

00 

O.OOOOF 

00 

O.OOOOE 

00 -0.9I26E 

01 





-C.5442F 

05 

-0.RA51E 

03 

O.OOOOE 

00 

O.OOOOF 

00 

O.OOOOE 

00 0.1521E 

06 

1? 

0.3000F 

02 

l 

C.6000F 

05 

0.54745 

OA 

O.OOOOF 

00 

O.OOOOE 

'oo 

O.OOOOE 

00 -0. 1210E-01 





-0.6000F 

05 

-0.5A7AC 

OA 

O.OOOOF 

00 

O.OOOOE 

on 

O.OOOOE 

00 0.«>853E 

06 




2 

0.6558F 

05 

0. 1 165F 

05 

0.0000*= 

00 

O.OOOOF 

00 

O.OOOOE 

00 -0.5388E 

00 





-0.6559F 

05 

-0. 1 165 p 

05 

O.OOOOF 

00 

O.OOOOE 

00 

O.OOOOE 

00 0. 2096E 

07 


+>» *** *. + + *4y ■* + + **■ A-V+4 + 

p VM.UATTPN PF PFSIPN WIJMRPP o 

** k**:*: ■*-*-*+♦•*•*'•+*** ++**fi<->!****f^ 


5TRF8S flcrfl DATIP 
MAX 0.61S3F CO 

MIN 0.?791 c CO 


LPAD r n NH 

z 

2 


OF S V/'otarlF 
2 


MAX 


P ISP c A Tf p l PAn r.PNP 


FCN M'WPrr 


M.1.11 



o.^baf oo ?. i? 

0.1010F 01 ? 1 


CFSTGW IS CP1TTCM 


STW-TUPM WF 1 GH T = 0.1324 c 0*> 


R F 0 F S I r 'N rPFPATlPM FPLIOWS 


0PTTMAL1TY INDFX OF PFS1GN VAR I 4R LE S FOR P1SPT. 


nv NO ACT /PAS INOFX 


l 

ACT 

-0.433*3^ on 

2 

ACT 

-0.95864^-01 

3 

ACT 

-0.26092*= 00 

4 

ACT 

-0.14879R 01 

S 

ACT 

-0.22564F 00 

4 

ACT 

-0. 10248= 01 

NO. nc ACTIVF 

pisplacfmfnt constraints APF 


CONSTRAINTS 


M.1.12 


***» #■*•*'***'*'** **+ * + * *+■#•*♦ ******* 
ANALYSIS PF DFSTHN NHM«FR 6 
**# *** #;*#■**«****** *********** 


NODAL D1SPLAC c HFNTS AND ROTATIONS 


None L n an 

X 

Y 

l 

XX 

YY 

ll 

1? 

l 

0.000*-0l 

O.OOOF-Ol 

O.noOF-pi 

O.OOOOF-Ol 

O.OOOOF-Ol 

O.OOOOE-Ol 


2 

O.OOOC-Ol 

O.OOOF-Ol 

O.OOOF-oi 

O.OOOOF-Ol 

O.OOOOF-Ol 

O.OOOOF-Ol 

12 

1 

O.PDO*-Cl 

O.OOOE-Ol 

o.nooE-oi 

O.OOOOF-Ol 

O.OOODE-Ol 

-5.2431E-04 


2 

O.OOOF-Ol 

O.OOOF-Ol 

O.OOOF-Ol 

O.OOOOF-Ol 

O.OOOOF-Ol 

-1.8670E-03 

11 

1 

0.O0OF-01 

O.OOOF-01 

O.OOOF-Ol 

O.OOOOF-Ol 

O.OOOOF-Ol 

5.7430E-04 


2 

0.000*-0l 

O.OOOF-Ol 

0.0OOF-01 

O.OOOOE-Ol 

O.OOOOE-Ol 

-8.3316E-04 

10 

1 

2 . 8 ?? c -03 

T1.151E-0? 

O.OOOF-Ol 

0.0n0OF-0l 

O.OOOOF-Ol 

1 .00 16F-03 


2 

1.967E-01 

-1.758F-0? 

0.000**01 

O.OOOOF-Ol 

O.OOOOF-Ol 

4.5657E-04 

9 

l 

1.849*-03 

-1.931E-01 

O.onnF-01 

O.OOOOF-Ol 

O.OOOOF-Ol 

1.7245F-03 


7 

1.961F-01 

-1.595F-01 

O.OOOF-Ol 

O.OOOOF-Ol 

O.OOOOF-Ol 

1.6410E-03 

e 

1 

4.439F-07 

-3. 182E-01 

O.OnOE-Ol 

O.OOOOF-Ol 

O.OOOOF-Ol 

2.0773F-09 


7 

1.950^-01 

-3.190E-01 

O.OOOF-Ol 

O.OOOOE-Ol 

O.OOOOE-Ol 

4.7018F-04 

7 

1 

-1.549F-03 

- 1 • 931E-01 

o.onoE-oi 

O.OOOOF-Ol 

O.OOOOF-Ol 

-1.7245E-03 


2 

I.94OP-01 

-2 . 2 77F-01 

O.OOOE-Ol 

O.OOOOE-Ol 

O.OOOOF-Ol 

-1.0161E-O3 

6 

1 

-2. 82 l c -03 

-l * 151E-02 

O.OOOF-Ol 

O.OOOOE-Ol 

O.OOOOE-Ol 

-1.0016E-03 


2 

1.934F-01 

-1.044F-02 

O.OOOE-Ol 

O.OOOOE-Ol 

O.OOOOF-Ol 

-I.5570E-03 

5 

1 

-1.931E-02 

-I.B90E-02 

O.OOOE-Ol 

O.OOOOE-Ol 

O.OOOOE-Ol 

2.9196F-03 


2 

2.585E-01 

-2 • 013F-0? 

0.0OOE-0I 

O.OOOOF-Ol 

O.OOOOE-Ol 

2.3491F-03 

4 

1 

-I.145F-02 

-7.916E-01 

O.OOOE-Ol 

O.OOOOE-Ol 

O.OOOOF-Ol 

7.0155E-O3 


2 

2.670E-01 

-7.616F-01 

O.OOOE-Ol 

O.OOOOF-Ol 

O.OOOOF-Ol 

7.B037F-0? 

3 

l 

8 • 358 c -07 

-1.35?* 00 

O.OOOF-Ol 

O.OOOOE-Ol 

O.OOOOF-Ol 

1.3530*- 08 


2 

2 . 794F-01 

-1.352* 00 

0.000*-01 

o.ooooe-oi 

O.OOOOF-Ol 

3.8323E-04 

2 

1 

1.145F-02 

-7 • 916F-01 

O.OOOF-Ol 

O.OOOOF-Ol 

O.OOOOE-Ol 

-7.8155F-03 


2 

2. 91 7E-01 

-8.219E-01 

O.OOOF-01 

O.OOOOE-Ol 

O.OOOOE-Ol 

-7.8295F-03 

1 

1 

1.931«=-02 

-l . 890E-02 

O.OOOF-Ol 

O.OOOOF-Ol 

O.OOOOE-Ol 

-2.9196E-03 


2 

3 .002* -01 

-1.767E-02 

O.OOOE-Ol 

O.OOOOF-Ol 

O.OOOOF-Ol 

-3.4933F- 03 

VALUES 

OF 
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2 

3 
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6 


0 0.1179* 0? 0.0091': 01 0.1U9F 02 0.4*59* 02 0.2345E 02 0.3237F 02 


ANALYSIS of RFAM *l*M*NTS, CONSTPN C00* = 2 


FLFMENT 

X-SECT A°EA 

LOfin CONO 

AXIAl RX 

$HFAP °Y 

SNFAR R7 

TOROUF MX 

MPKFNT MY 

moment mz 

l 

0.1179F 02 

1 

0.2239F 

05 

0.1500* 

05 

O.OOOOE 

00 

O.OOOOF 

00 

O.OOOOF 

00 

0.1585E 

07 




-0.72*9* 

05 

-0.15OO* 

05 

O.OOOOE 

00 

O.OOOOE 

00 

O.OOOOF 

00 

0.2148F 

06 



7 

0.2418* 

OF 

0.1457E 

OF 

O.OOOOE 

no 

O.OOOOF 

00 

O.OOOOE 

00 

0. 1481 E 

07 




-0.2418* 

C5 

-0.1457* 

05 

0.0000* 

00 

O.OOOOF 

00 

n.oonoF 

00 

0.2670* 

06 

2 

0.1179* 0? 

l 

0.2239* 

05 

-C* 1500* 

05 

n.ooooF 

00 

O.OOOOE 

oo 

O.OOOOF 

00 

-0.2148* 

06 




-0.2239* 

05 

0.15OOF 

05 

0.0000* 

00 

O.OOOOF 

00 

O.OOOOE 

00 

-0.1585* 

07 



7 

0 . 24 1 8 C 

05 

-0.154^* 

05 

o.oooo* 

00 

O.OOOOF 

00 

O.OOOOE 

00 

-0.1627* 

06 




-0.2418* 

05 

0.1543* 

05 

O.oonn* 

00 

O.OOOOE 

00 

o.noone 

no 

-0. 1690F 

07 

3 

0.R091F 01 

l 

0.2239* 

05 

O.5QP0* 

O* 

o.cooo* 

00 

O.OOOOE 

00 

O.OOOOE 

00 

-0. 21*96 

06 




-0.2239* 

OF 

- 0. 5?0P* 

R4 

O.OOOO* 

00 

O.OOOOF 

no 

n. oooo* 

00 

0.8148* 

06 






7 

0.74186 

05 0.4565F 

04 

O.OOO0E 

00 

O.OOOOE 

00 

O.OOOOE 

00 -0.2670E 

06 





-0.24186 

05 -0.4565F 

04 

0.00006 

00 

O.OOOOE 

00 

O.OOOOE 

00 0.8148E 

06 

4 

0.8091E 

01 

l 

0.72396 

C5 -C.5000F 

04 

O.O0O0F 

00 

O.OOOOE 

00 

O.OOOOE 

00 -0.8148E 

06 





-0.2239= 

05 C. 5000 E 

04 

O.OOOOE 

00 

O.OOOOE 

00 

O.OOOOE 

00 0.21486 

06 




? 

0.741 8F 

05 -0.54356 

04 

0*00006 

00 

O.OOOOE 

00 

0 .00006 

OO -0.01486 

06 





-0.24186 

C5 0.543*= 

04 

O.OOOOE 

00 

O.OOOOE 

00 

O.OOOOE 

00 0. 16276 

06 

5 

0*11 

02 

1 

O.70O0F 

05 -0.77396 

05 

O.OOOOE 

00 

O.OOOOF 

00 

O.OOOOE 

00 -0.1102E 

07 





-0.2000= 

05 0.223QF 

05 

O.OOOOE 

00 

O.OOOOE 

00 

O.OOOOE 

00 -0.1585= 

07 




7 

0.1957F 

05 -0.70616 

05 

O.OOOOE 

00 

O.OOOOE 

00 

O.OOOOE 

00 -0.9926F 

06 





-0.19576 

C5 0.2061= 

05 

O.OOOOE 

00 

O.OOOOE 

00 

0.0000= 

00 -0.1481E 

07 

6 

0.1U9F 

02 

1 

O.7O0OF 

05 0.22’ 9F 

05 

0.00006 

00 

O.OOOOE 

00 

O.OOOOE 

OO 0.1102E 

07 





-0.20006 

05 -0.2239= 

05 

0.00006 

00 

O.OOOOE 

00 

O.OOOOE 

00 0.1585E 

07 




7 

0.7043F 

05 0.2418= 

05 

0.0000= 

00 

O.OOOOE 

00 

O.OOOOE 

00 0.1212= 

07 





-0.7943= 

05 -0.74186 

05 

O.OOOOF 

00 

O.OOOOE 

00 

O.OOOOE 

00 0.1690= 

07 

7 

0.4459F 

02 

1 

-0.1040= 

05 0.3P00E 

05 

O.OOOOF 

00 

O.OOOOE 

00 

O.OOOOF. 

00 0.3246E 

07 





0.1048= 

05 -0.3000F 

05 

O.OOOOE 

00 

O.OOOOE 

00 

O.OOOOE 

00 0.3539E 

06 




7 

-0.604) F 

04 0.2486= 

05 

O.OOOOF 

00 

O.OOOOF 

00 

O.OOOOE 

00 0.20106 

07 





0.60416 

04 -O.7406F 

05 

O.OOOOE 

00 

O.OOOOE 

00 

O.OOOOE 

00 0.97316 

06 

B 

0.4459F 

02 

1 

-0.1048E 

05 -0.30006 

05 

O.OOOOE 

00 

O.OOOOE 

00 

O.OOOOE 

00 -0.3539E 

06 





0.1048 C 

05 0.30006 

05 

O.OOOOE 

00 

O.OOOOE 

oo 

O.OOOOE 

00 -0.37.46E 

07 




7 

-0.60426 

04 -0.3514F 

05 

O.OOOOE 

00 

O.OOOOE 

00 

O.OOOOE 

,00 0.26096 

06 





0.6047F 

04 0.35146 

05 

0.00006 

00 

O.OOOOE 

00 

O.OOOOE 

00 -0.4478E 

07 

9 

0.2345F 

02 

1 

-0.1048F 

05 O.IOOOE 

05 

O.OOOOE 

00 

O.OOOOE 

00 

O.OOOOE 

00 -0.35396 

06 





0.104RF 

05 -0.10006 

05 

O.OOOOE 

00 

O.OOOOE 

00 

O.OOOOE 

00 0.1554E 

07 




7 

-0.6042F 

04 0.48586 

04 

O.OOOOE 

00 

O.OOOOF 

00 

O.OOOOF 

00 -0.9731E 

06 





0.6047= 

04 -0.48*86 

04 

0.00006 

00 

O.OOOOE 

00 

O.OOOOE 

00 0.1556E 

07 

IC 

0.2345F. 

02 

1 

-0.10486 

05 -0.10006 

05 

O.OOOOE 

00 

O.OOOOE 

00 

O.OOOOE 

00 -0.1554E 

07 





0.10486 

05 O.IOOOE 

05 

O.OOOOE 

00 

O.OOOOE 

00 

O.OOOOE 

00 0.3539E 

06 




7 

-0.6041F 

04 -0.1514F 

05 

O.OOOOE 

00 

O.OOOOF 

00 

O.OOOOE 

00 -0.15566 

07 





0. 60416 

04 0.1*146 

05 

0.00006 

00 

O.OOOOF 

00 

O.OOOOE 

00 -0.26096 

06 

11 

0.3237= 

02 

1 

r. 60006 

05 -0.U91F 

05 

O.OOOOE 

00 

O.OOOOE 

00 

O.OOOOE 

00 0.2996E 

01 





-0.6000F 

05 0.1191= 

05 

O.OOOOE 

00 

O.OOOOE 

00 

0.0000= 

00 -0.21446 

07 




2 

0.54426 

05 -0.56516 

04 

O.OOOOE 

00 

O.OOOOE 

00 

O.OOOOF 

00 -0.6573F 

01 





-0.5442= 

05 0.56*1= 

04 

O.OOOOE 

00 

O.OOOOE 

00 

O.OOOOE 

00 -0.1017E 

07 

12 

0.3237= 

02 

1 

C. 6000F 

05 0.1191= 

05 

O.OOOOE 

00 

O.OOOOE 

00 

O.OOOOE 

00 0.2022F 

01 





-0.6000 c 

0* -0.1191F 

05 

0.0000= 

00 

0.00006 

00 

O.OOOOE 

00 0.2144F 

07 




7 

0.6558F 

05 0.1814E 

05 

O.OOOOE 

00 

0.00006 

00 

O.OOOOE 

00 0.2105E 

oo 





-0.65586 

05 -0.1814F 

05 

0.0000= 

00 

O.OOOOE 

00 

O.OOOOE 

00 0.3266E 

07 
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N.1.1 


N. PLANE STRESS ELEMENTS 
N . 1 Rectangular Plate with Reinforced Hole 

The plate under considera- 

250 Ib/in tion is shown in Fig. N.1.1. Due 

to double symmetry, it is suffi- 
cient to treat one quadrant of the 
plate only, as indicated by the 
finite element mesh in Fig. N.1.2. 
Isotropic, plane stress' elements 
(Construction Code No. 2) are used 
to model the plate, whereas the 
reinforcement is approximated by 
a series of bar elements (Con- 

^ , struction Code No. 1 was chosen 

Figure N.1.1 

n . r. , TT - arbitrarily). Each element is 

Plate with Reinforced Hole 

sized independently . 

Identical material is used for the plate and the reinforcement, with: 

E = 10^ psi (Young’s modulus), 

V = 0.25 (Poisson's ratio), 
a* = a* = 25,000 psi (allowable stress), 
p = 0.1 lb/cu.in. (specific weight). 




N.1.2 



Figure N.1.2 

Finite Element Mesh for a Quadrant of Plate 


N.1.3 


In addition to stress constraints, upper bounds are* placed on 
the relative displacements of the edge of the hole. Referring to 
Fig. N.1.2, the constraints are: 

u* = + 0.341 in. for node 6, 
u* = + 0.341 in. for node 32. 

y - 

The initial and minimum allowable values of the design variables 

are 

t = 0.055 in. (thickness of plate), 

2 

A = 0.2145 in (cross-sectional area of the reinforcing ring), 
t* = 0.01 in. , 

A* = 0.01 in 2 . 

The history of the design is summarized in Tables N.1.1 and N.1.2. 
The problem was run for seven redesign cycles with a relaxation factor 
of a = 0.4. The seventh design has not yet reached the convergence 
criteria, but it was considered to be sufficiently close to the final 
design to make further runs unnecessary: the weight change in the 

last design cycle is small (Table N.1.2), and the optimality indicies 
of all the design variables are within the acceptable bound, with the 
exception of design variable No. 5 (see Evaluation of Design No. 7). 

Tables N.1.1 and N.1.2 also contain the design obtained by a 
different optimization technique [11], but regretfully only an 
order-of-magnitude comparison of the two designs can be made. The 
problem is that Ref. [11] employed triangular membrane elements, and 



N.1.4 


allowed the plate thickness to vary linearly within each element. A 
linear variation of the cross-sectional area was also used for the 
reinforcement. We attempted to compensate for this discrepancy in 
modelling by laying out our finite element net such that the center 
of each element coincides approximately with a nodal point of Ref. [11]. 
The design variables at these nodal points have been listed in 
Tables N.1.1 and N.1.2 as the results of Ref. [11]. 

The comparison is made more difficult by lack of other information 
in Ref. [11], such as the Poisson's ratio used, and an explanation of 
how the structural weight was computed (we were unable to duplicate 
the nondimensional weight listed in Ref. [11]).. 

The main discrepancy is in the thickness of the membrane elements 
adjacent to the hole, where our design is considerably heavier. The 
source of these differences is likely due to the finer finite element 
mesh that we used around the hole, thereby obtaining a more accurate 
prediction of the stress concentration. 

A noteworthy feature of the design is the small weight increase 
between designs Nos. 3 and 4 (Table N.1.2). Such weight increments 
are commonly caused by a change in the active constraints; in this case 
the appearance of a stress constraint that was inactive in the first 
three redesigns. 

Special notes on input -output : 

1) The Von Mises yield criterion only was used in the stress-constrained 
design of membrane elements. The maximum shear stress theory of 
failure was made inoperative by specifying t* = 0 on the Material 
Property Cards. 



N. 1.5 


2) The loading acting on the sides of elements 25, 32 and 36 is 
defined in the Element Data as uniform compression of 25,000 lb/in. 
The use of the Element Load Multiplier - 0.01 converts this 
load to the desired tension of 250 lb/in. 

3) The use of the stress printout code NS = 3 in Element Data means 
that the stresses are evaluated at the center only for each membrane 
element. Stress-constrained redesign is, therefore, based solely 

on these central stresses. 

4) The incompatible displacement modes were not suppressed, since 
NPAR(6) was left blank on the Element Control Card (see Echo of 
Input Cards). 
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Design 

Variable 

Element 


Critical 

, Scaled Designs (thickness 

in inches) 

Ref. 

[11] 


1 

2 

3 

4 

5 

6 

7 

1 

1 

.1056 

.0398 

.0100 

.0100 

.0111 

.0104 

.0100 

.0100 

.0100 

2 

2 

.1056 

.0565 

.0178 

.0100 

.0111 

.0104 

.0100 

.0100 

.0100 

3 

3 

.1056 

.0945 

.0513 

.0117 

.0111 

.0104 

.0100 

.0100 

.0100 

4 

4 

.1056 

.1565 

.1120 

.0697 

.0317 

.0104 

.0100 

.0100 

.0146 

5 

5 

.1056 

.2396 

.2194 

.1898 

.1727 

.1186 

.0773 

.0522 

.1354 

6 

6 

.1056 

.3031 

.3517 

.3986 

.5209 

.5404 

.5844 

.6354 

.1536 

7 

7 

.1056 

.0464 

.0116 

.0100 

.0111 

.0104 

.0100 

.0100 

.0100 

8 

8 

.1056 

.0660 

.0299 

.0100 

.0111 

.0104 

.0100 

.0100 

.0100 

9 

9 

.1056 

.0972 

.0670 

.0377 

.0269 

.0179 

.0128 

.0104 

.0100 

10 

10 

.1056 

.1390 

.1261 

.0988 

.0968 

.0865 

.0866 

.0868 

.0347 

11 

11 

.1056 

.1879 

.1960 

.1777 

.1895 

.1657 

.1514 

.1425 

? 

12 

12 

.1056 

.2205 

.2812 

.3015 

, 3825 

.3835 

.3968 

.4187 

.1809 

13 

13 

.1056 

.0693 

.0381 

.0213 

.0148 

.0104 

.0100 

.0100 

.0100 

14 

14 

.1056 

.0773 

.0512 

.0336 

.0326 

.0277 

.0250 

.0234 

.0100 

15 

15 

.1056 

.0953 

.0820 

.0618 

.0673 

.0632 

.0633 

.0657 

.0480 

16 

16 

.1056 

.1103 

.1223 

.1067 

.1194 

.1118 

.1108 

.1121 

.0718 

17 

17 

.1056 

.1062 

.1587 

.1590 

.1925 

.1817 

.1782 

.1782 

? 

18 

18 

.1056 

.1047 

.1507 

.1471 

.1787 

.1681 

.1650 

.1663 

.0806 

19 

19 

.1056 

.0729 

.0496 

.0352 

.0310 

.0265 

.0248 

.0245 

.0172 

20 

20 

.1056 

.0736 

.0544 

.0404 

.0391 

.0338 

.0324 

.0378 

.0264 

21 

21 

.1056 

.0866 

.0800 

.0646 

.0694 

.0622 

.0593 

.0591 

.0240 

22 

22 

.1056 

.0936 

.1025 

.0917 

.1105 

.1022 

.0979 

.0979 

.0782 

23 

23 

.1056 

.0605 

.0443 

.0326 

.0400 

.0338 

.0301 

.0287 

? 

24 

24 

.1056 

.0824 

.0796 

.0667 

.0877 

.0790 

.0742 

.0735 

.0418 

25 

25 

.1056 

.0491 

.0244 

.0154 

.0136 

.0135 

.0132 

.0130 

.0102 

26 

26 

.1056 

.0531 

.0283 

.0162 

.0115 

.0104 

.0100 

.0100 

.0100 

27 

27 

.1056 

.0641 

.0432 

.0273 

.0245 

.0199 

.0177 

.0169 

.0100 

28 

28 

.1056 

.0688 

.0519 

.0292 

.0330 

.0315 

.0309 

.0315 

.0189 

29 

29 

.1056 

.0622 

.0386 

.0170 

.0111 

.0104 

.0100 

.0100 

.0251 

30 

30 

.1056 

.0842 

.0926 

.0810 

.1151 

.1237 

.1287 

.1332 

? 

31 

31 

.1056 

.1407 

.1658 

.1605 

.2284 

.2414 

.2387 

.2400 

.0498 

32 

32 

.1056 

.0493 

.0212 

.0110 

.0117 

.0122 

.0212 

.0122 

.0102 

33 

33 

.1056 

.0498 

.0235 

.0121 

.0120 

.0110 

.0106 

.0106 

.0100 

34 

34 

.1056 

.0437 

.0100 

.0100 

.0111 

.0104 

.0100 

.0100 

.0100 

35 

35 

.1056 

.0353 

.0100 

.0100 

.0111 

.0104 

.0100 

.0100 

.0100 

36 

36 

.1056 

.0523 

.0208 

.0103 

.0111 

.0104 

.0100 

.0100 

.0100 

37 

37 

.1056 

.0397 

.0100 

.0100 

.0111 

.0104 

.0100 

.0100 

.0100 


Table N.1.1 


Design History of Membrane Elements 
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Design 

Variable 

Element 


Critical 

, Scaled Designs (areas in 

sq. in.) 


Ref. 

(11] 

0 

1 

2 

3 

4 

5 

6 

7 

38 

1 

.0215 

.1316 

.1595 

.1880 

.2511 

.2601 

.2718 

.2795 

.2149 

39 

2 

.0215 

.1149 

.1298 

.1417 

.1754 

.1684 

.1634 

.1590 

.1767 

40 

3 

.0215 

.0833 

.1018 

.1039 

.1233 

.1148 

.1088 

.1047 

.0768 ' 

41 

4 

.0215 

.0315 

.0375 

.0332 

.0372 

.0331 

.0356 

.0289 


42 

5 

.0215 

.0202 

.0100 

.0100 

.0111 

.0104 

.0100 

.0100 


43 

6 

.0215 

.0313 

.0223 

.0137 

.0111 

.0104 

.0100 

.0100 

.0256 

wt. 

cib) 

.8656 

.5672 

.3992 

.2959 

.3121 

.2862 

.2763 

.2759 

? 


Table N.1.2 

Design History of Bar Elements and Total Structural Weigh: t 
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RECTANGULAR PLATE WITH REINFORCED HOLE - STRESS AND DISPLACEMENT CONSTS 


NUMBER OF NODAL POINTS * 42 
NUMBER OP ELEMENT TIPES * 2 
NUMBER OF LOAD CASES = 1 
NUMBER OF DES. FAPIABLES = 43 


DESIGN CONTROL DATA 

NCTCL * 10 

KSCALE= 1 

DELTA * 0.2500E-01 

EPSIL * 0.1000E 00 

KDIS P = 1 

OMEGA a 0. 00000 

ALPA * 0.40000 


DESIGN VARIABLE INPUT DATA 


DESIGN 



VARIABLE 

INITIAL 

MIR ALLOWABLE 

NUMBER 

VALUE 

VALUE 

1 

0.5500E-0 1 

0. 100QE-0 1 

2 

0. 5500 E- 01 

0, 1000E-01 

3 

0.5500E-01 

0. 1000E-01 

4 

0.5500B-01 

0, 1000E-01 

5 

0 . 5500E-0 1 

0. 1000E-0 1 

6 

0.5500E-01 

0. 1000B-01 

7 

0.5500E-01 

O. 1000E-01 

8 

0.5500B- 0 1 

0. 1000E-01 

9 

0 . 5500E-0 1 

0. 1000E-01 

10 

0.5500B- 0 1 

0. 1000E-01 

11 

0 . 5500E-0 1 

0. 1000E-01 

12 

0. 5500E- 0 1 

0. 1000E-0 1 

13 

0 . 5500E-0 1 

O. 1000E-0 1 

14 

O.S300E-01 

0. 1000E- 01 

15 

0.5500E-01 

0. 1000E-0 1 

16 

0 . 5500E- 0 1 

0. 1000E-01 

17 

0.5500E-0 1 

0. 1000E-0 1 

IB 

0.5500E-0 1 

0. 1000E-01 

19 

0.5500E-01 

0. 1000E-01 

20 

0.5500E-01 

0. 1000E-01 

21 

0.5500E-01 

0. 1000E-01 

22 

0. 5500E- 0 1 

0. 1000E- 01 

23 

0.5500E-01 

0. 1000E-01 

24 

0. 5500E- 0 1 

0. 1000E-01 

25 

0.55005-01 

0. 1000E-0 1 

26 

0. 5500 E- 0 1 

0. 1000E-01 

27 

0 • 5500E-01 

0. 1000E-01 

28 

0* 5500E- 01 

0. 1000E-0 1 

29 

0 .5500 E-Q 1 

0. 1 000B-01 

30 

0.5500E-0 1 

0. 1000E-01 

31 

0, 5500E-01 

0. 1000 B-0 1 

32 

0 . 5500E- 0 1 

0. 1000B-01 

33 

0.5500E-01 

0. 1OO0E-Q1 

34 

0.5500E-0 1 

0. 1000E-01 

35 

0.5500E-01 

0. 1000E-01 


Computer Printout 

(Input data, the initial design and the final design only are reproduced.) 


OT'T'N 



36 

Or5500E-01 

0.1000E-01 

37 

0.5500B-01 

0. 10008-01 

38 

0.21A5E-01 

0. 1000E-01 

39 

0*21 A5B-01 

0. 1000E-01 

AO 

0.21A5E-01 

0. 10008-01 

*1 

0.21A5E-01 

0, 1000E-01 

A2 

0.2145E-01 

0. 1000E-01 

A3 

0*21 A5B-01 

0. 1000B-01 


MODAL POINT INPUT DATA 


MODE 

BOOMDARY 

CONDITION 

CODES 

/--- 

--NODAL POINT 

COORDI MATES— 

/ 



NUMBER 

X 

Y 

z 

XX 

YY 

zz 

X 

Y 

Z 


T 

1 

0 

1 

-1 

-1 

•1 

-1 

0.0 

0.0 

0.0 

0 

0.0 

2 

0 

1 

0 

0 

0 

0 

0.500 

0.0 

0.0 

0 

0.0 

3 

0 

1 

0 

0 

0 

0 

1.700 

0.0 

0.0 

0 

0.0 

A 

0 

1 

0 

0 

0 

0 

2.700 

0.0 

0.0 

0 

0.0 

5 

0 

1 
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0 

3.500 
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0 
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2. 400 
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0 
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0 

0 

0 
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3.800 
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0 

0.0 

19 

0 

0 

0 

0 

0 
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A. 360 

1.830 

0.0 

0 

0.0 

20 

0 

0 

0 

0 

0 

0 

0.0 

5.300 

0.0 

0 

0.0 

21 

0 

0 

0 

0 

0 

0 

0.800 

5.000 

0.0 

0 

0.0 

22 

0 

0 

0 

0 

0 

0 

2.500 

A. 300 

0.0 

0 

0.0 

23 

0 

0 

0 

0 

0 

0 

3.700 

3.700 

0.0 

0 

0.0 

2A 

0 

0 

0 

0 

0 

0 

A. 700 

3.200 

0.0 

0 

0.0 

25 

0 

0 

0 

c 

0 

0 

5.560 

3. 190 

0.0 

0 

0.0 

26 

0 

0 

0 

0 

0 

0 

0.0 

8. 100 

0.0 

0 

0.0 

27 

0 

0 

0 

0 

0 

0 

1.700 

7.300 

0.0 

0 

0.0 

28 

0 

0 

0 

0 

0 

0 

3.600 

6.100 

0,0 

0 

0.0 

29 

0 

0 

0 

0 

0 

0 

A. 700 

5. 200 

0.0 

0 

0.0 

30 

0 

0 

0 

0 

0 

0 

6.100 

A. 200 

0.0 

0 

0.0 

31 

0 

0 

0 

0 

0 

0 

7.020 

3.820 

0.0 

0 

0.0 

32 

1 

0 

0 

0 

0 

0 

7.800 

3.900 

0.0 

0 

0.0 

33 

0 

0 

0 

0 

0 

0 

0.0 

11.700 

0.0 

0 

0.0 

3A 

0 

0 

0 

0 

0 

0 

1.800 

11.700 

0.0 

0 

0.0 

35 

0 

0 

0 

0 

0 

0 

3.200 

9.400 

0.0 

0 

0.0 

36 

0 

0 

0 

0 

0 

0 

A. 800 

7.700 

0.0 

0 

0.0 

37 

0 

0 

0 

0 

0 

0 

6.200 

6.300 

0.0 

0 

0.0 

38 

1 

0 

0 

0 

0 

0 

7.R00 

A. 900 

0.0 

0 

0.0 

39. 

0 

0 

0 

0 

0 

0 

A. 800 

11.700 

0,0 

0 

0.0 

AO 

0 

0 

0 

0 

0 

0 

6.200 

9.300 

0.0 

0 

0.0 

A 1 

1 

0 

0 

0 

0 

0 

7.800 

7.A00 

0.0 

0 

0.0 

42 

1 

0 

1 

1 

1 

1 

7.800 

11.700 

0.0 

0 

0.0 


GENERATED MODAL DATA 


N.l.ll 



NODE 

BOUNDARY 

CONDITION 

CODES 

/— 

'NODAL POINT 

COORDINATES -- 



NOWBEF 

X 

T 

z 

XX 

YY 

ZZ 

X 

Y 

Z 

T 

1 

0 

1 


-1 



0.0 

0.0 

0.0 

0.0 

2 

0 

1 


-1 

-1 

-1 

0.500 

0.0 

0.0 

0.0 

3 

0 

1 


-1 


-1 

1.700 

0.0 

0.0 

0.0 - 

4 

0 

1 


-1 

-1 

-1 

2.700 

0.0 

0.0 

0.0 

5 

0 

1 


-1 


-1 

3,500 

0.0 

0.0 

0.0 

6 

0 

1 




-1 

3.900 

0.0 

0.0 

0.0 

7 

0 

0 

-1 

-1 

-1 

-1 

0.0 

0.800 

0.0 

0.0 

8 

0 

0 

- 1 

* 1 

- 1 

-1 

0.500 

0.800 

0.0 

0.0 

9 

0 

0 


-1 


-1 

1.000 

0. 000 

0.0 

0.0 

10 

0 

0 


-1 


-1 

2.800 

0.750 

0.0 

0.0 

11 

0 

0 

-1 

-1 


-1 

3.600 

0.700 

0.0 

0.0 

12 

0 

0 


-1 

- 1 

- 1 

3.910 

0.340 

0.0 

0.0 

13 

0 

0 



-1 

-1 

3.900 

0.780 

0.0 

0.0 

14 

0 

0 

- 1 

-1 

- 1 

-1 

0.0 

2.700 

0.0 

0.0 

15 

0 

0 


-1 

-1 

-1 

0.700 

2.600 

0.0 

0.0 

16 

0 

0 

- 1 

• 1 


-1 

1.900 

2.500 

0.0 

0.0 

17 

0 

0 

- 1 

-1 


-1 

3.000 

2.400 

0.0 

0.0 

18. 

0 

0 


-1 

- 1 

-1 

3.800 

1.700 

0.0 

0.0 

19 

0 

0 

-1 

-1 



4.360 

1.830 

0.0 

0.0 

20 

0 

0 


-1 


-1 

0.0 

5.300 

0.0 

0.0 

21 

0 

0 




-1 

0.800 

5.000 

0.0 

0.0 

22 

0 

0 

- 1 

-1 


-1 

2.500 

4,300 

0.0 

0..0 

23 

0 

0 

-1 

-1 


-1 

3.700 

3.700 

0.0 

0.0 

24 

0 

0 

- 1 

-1 


-1 

4.700 

3.200 

0.0 

0.0 

25 

0 

0 


-1 

-1 

•1 

5.560 

3. 190 

0.0 

0.0 

26 

0 

0 


-1 


-1 

0.0 

8. 100 

0.0 

0.0 

27 

0 

0 

-1 

-1 

-1 

-1 

1.700 

7.300 

0.0 

0.0 

28 

0 

0 


-1 

-1 

-1 

3.600 

6. 100 

0.0 

0.0 

29 

0 

0 

- 1 

-1 

-1 

-1 

4.700 

5.200 

0.0 

0.0 

30 

0 

0 


- 1 


-1 

6.100 

4.200 

0.0 

0.0 

31 

0 

0 


-1 


-1 

7.020 

3.820 

0.0 

0.0 

32 

1 

0 


-1 


-1 

7 . BOO 

3.900 

0.0 

0.0 

33 

0 

0 

-1 

-1 


-1 

0.0 

11.700 

0.0 

0.0 

34 

0 

0 

- 1 

- 1 


-1 

1 .BOO 

11.700 

0.0 

0.0 

35 

0 

0 


-1 


-1 

3.200 

9.400 

0.0 

0.0 

36 

0 

0 

- 1 

-1 


- 1 

4.000 

7.700 

0.0 

0.0 

37 

0 

0 


-1 

-1 

-1 

6.200 

6.300 

0.0 

0.0 

38 

1 

0 


-1 


-1 

7.800 

4.900 

0.0 

0.0 

39 

0 

0 


-1 

-1 

-1 

4.800 

11.700 

0.0 

0.0 

40 

0 

0 

- 1 

- 1 


-1 

6.200 

9.300 

0.0 

0.0 

41 

1 

0 


-1 


-1 

7.800 

7.400 

0.0 

0.0 

42 

1 

0 

1 

1 

1 

1 

7.000 

11.700 

0.0 

0.0 


equation rubbers 

N X Y 

Z 

XX 

YY 

ZZ 

1 

1 

0 

0 

0 

0 

0 

2 

2 

0 

0 

0 

0 

0 

3 

3 

0 

0 

0 

0 

0 

4 

4 

0 

0 

0 

0 

0 

5 

5 

0 

0 

0 

0 

0 

6 

6 

0 

0 

0 

0 

0 

7 

7 

8 

0 

0 

0 

0 

6 

9 

10 

0 

0 

0 

0 

9 

11 

12 

0 

0 

0 

0 

10 

13 

14 

0 

0 

0 

0 
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11 

15 

16 

0 

0 

0 

0 

12 

17 

18 

0 

0 

0 

0 

13 

19 

20 

0 

0 

0 

0 

14 

21 

22 

0 

0 

0 

0 

15 

23 

24 

0 

0 

0 

0 

16 

25 

26 

0 

0 

0 

0 

17 

27 

28 

0 

0 

0 

0 

1 8 

29' 

30 

0 

0 

0 

0 

19 

31 

32 

0 

0 

0 

0 

20 

33 

34 

0 

0 

0 

0 

21 

35 

36 

0 

0 

0 

0 

22 

37 

38 

0 

0 

0 

0 

23 

39 

40 

0 

0 

0 

0 

24 

41 

42 

0 

0 

0 

0 

25 

43 

44 

0 

0 

0 

0 

26 

45 

46 

0 

0 

0 

0 

27 

97 

48 

0 

0 

0 

0 

28 

49 

50 

0 

0 

0 

0 

29 

51 

52 

0 

0 

0 

0 

30 

53 

54 

0 

0 

0 

0 

31 

55 

56 

0 

0 

0 

0 

32 

0 

57 

0 

0 

0 

0 

33 

5R 

59 

0 

0 

0 

0 

34 

60 

61 

0 

0 

0 

0 

35 

62 

63 

0 

0 

0 

0 

36 

64 

65 

0 

0 

0 

0 

37 

66 

67 

0 

0 

0 

0 

30 

0 

68 

0 

0 

0 

0 

39 

69 

70 

0 

0 

0 

0 

40 

71 

72 

0 

0 

0 

0 

41 

0 

73 

0 

0 

0 

0 

42 

0 

74 

0 

0 

0 

0 


NUMBER OF TRUSS ELEMENTS = 6 
CONSTRUCTION CODE = 1 
NUMBER OP MATERIALS - 1 
NUMBER OF TEMPS FOR WHICH HATL PROPS GIVEN= 1 
NUMBER OF DIFFERENT GEOMETRIES PROPS GIVEN= 1 


MATERIAL PROPERTY CARDS 


MATERIAL 

NUMBER 

NUMBER SPECIFIC 

OF TEMPS WEIGHT 

TEMP 

YOUNGS 

MODULUS 

COEFFT OF /—ALLOWABLE 
THERM EXPAN TENSION 

STRESSES--/ 

COMPRESSION 

1 

1 0. 1000E 00 

0,0 

0, 1000E 07 

0.0 0.2500E 05 

0.2500E 05 


GEOMETRIC 

PROPERTY i 

CARDS 


GEOMETRY 

X-SECT 

/—MOMENTS 

OF INERTIA—/ 

NUMBER 

AREA 

YY 

ZZ 

1 0 

.2145D 01 

0. 1000F 07 

0.1000B 07 


ELEMENT 

LOAD 

MULTIPLIERS 






A 

B 

C 

D 

X-DTR 

0.0 

0.0 

0.0 

0.0 


Y-DIP 

0.0 

0.0 

0.0 

0.0 


Z-DIR 

0.0 

0.0 

0.0 

0.0 


TEMP 

0.0 

0.0 

0.0 

0.0 



PROCESSED 

ELEMENT 

ELEMENT DATA 
/-NODE NOS-/ 

/--ELEMENT ID 

NOS-/ 

DESIGN VAR 

REFERENCE 

END FIXITY 

COEFFICIENTS 

BAND 

NUMBER 

I 

J 

MAIL GBONY 

D TAR 

FRACTION 

TEMP 

YY 

ZZ 

WIDTH 

1 

6 

12 

1 1 

3B 

0.1000E 01 

0.0 

0. 1000D 01 

0. 1000D 01 

13 

2 

12 

13 

1 1 

39 

O.IOOOE 01 

0.0 

0.1000D 01 

0.1000D 01 

4 

3 

13 

19 

1 1 

40 

0.1000E 01 

0.0 

0.1000D 01 

0.1000D 01 

14 

4 

19 

25 

1 1 

41 

O.IOOOE 01 

0.0 

0.1000D 01 

0.1000D 01 

14 

5 

25 

31 

1 1 

42 

O.IOOOE 01 

0.0 

0.1000D 01 

0. 1000D 01 

14 

6 

31 

32 

1 1 

43 

O.IOOOE 01 

0.0 

0.1000D 01 

0. 1000 D 01 

3 
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NUMBER OF MEMBRANE ELEMENTS - 37 
CONSTRUCTION RODE = 2 
NUMBER OF MATERIALS = 1 
NUMBER OF TEMPS FOR WHICH MATL PROPS GIVER- 1 


MATERIAL PROPERTY CARDS 


HATL 

BO OF 

SPECIFIC 



YOONGS 

POISSONS 

COEFFT OF 

HBR 

TEHP 

WEIGHT 

TEMPERATURE 


MODULUS 

RATIO 

THERM EXPB 

1 

1 

0.1000E 

00 0.0 


0.1000E 07 

0.2500E 00 

0,0 

ELEMENT 

' LOAD 

FRACTIONS 






LOAD CASE TEMPERATURE 

PRESSORE 7-DIRECTION T-DIRECTION 

Z-DIRECTION 


A 


0.0 

-0.010 

0.0 

0.0 

0.0 


B 


0.0 

0.0 

0.0 

0.0 

0.0 


C 


0.0 

0.0 

0.0 

0.0 

0.0 


D 


0.0 

0.0 

0.0 

0.0 

0.0 



PROCESSED ELEMENT DATA 

ELEHT/ BODES //-ID BOS-/ DES VAR REF EKEBCE 

HUNBR I J K L HAT DV FRACTIOH TEHP PRESSURE BETA 


1 

1 

2 

8 

7 

1 

1 

0.1000F 

01 

0.0 

0.0 


0.0 

2 

2 

3 

9 

8 

1 

2 

0. 1000E 

01 

0.0 

0.0 


0.0 

3 

3 

4 

10 

9 

1 

3 

0. 1090E 

01 

0.0 

0.0 


0.0 

4 

4 

5 

11 

19 

1 

4 

0.1000E 

01 

0.0 

0.0 


0.0 

5 

5 

6 

12 

11 

1 

5 

0.1000B 

01 

0.0 

0.0 


0.0 

6 

11 

12 

13 

13 

1 

6 

0. 1000B 

01 

0.0 

0.0 


0.0 

7 

7 

8 

15 

14 

1 

7 

0.1000E 

01 

0.0 

0.0 


0.0 

8 

8 

9 

16 

15 

1 

8 

0. 1000B 

01 

0.0 

0.0 


o.o 

9 

9 

10 

17 

16 

1 

9 

0.1000E 

01 

0.0 

0.0 


0.0 

10 

10 

11 

18 

17 

1 

10 

0. 1000E 

01 

0.0 

0.0 


0.0 

11 

11 

13 

18 

18 

1 

11 

0.1000E 

01 

0.0 

0.0 


0.0 

12 

13 

19 

18 

in 

1 

12 

0. 1000E 

01 

0.0 

0.0 


0.0 

13 

14 

15 

21 

29 

1 

13 

0.100CE 

01 

0.0 

0.0 


0.0 

14 

• 15 

16 

22 

21 

1 

14 

0.1000B 

01 

0.0 

0.0 


0.0 

15 

16 

17 

23 

22 

1 

15 

0.1000E 

01 

0.0 

0.0 


0.0 

16 

17 

18 

24 

23 

1 

16 

0.1000E 

01 

0.0 

0.0 


0.0 

17 

18 

19 

24 

24 

1 

17 

0.1000E 

01 

0.0 

0.0 


0.0 

18 

19 

25 

24 

24 

1 

18 

0. 1000E 

01 

0.0 

0,0 


0.0 

19 

20 

21 

27 

26 

1 

19 

0.1000E 

01 

0.0 

0.0 


0.0 

20 

21 

22 

28 

27 

1 

20 

0.1000B 

01 

0.0 

0.0 


0.0 

21 

22 

23 

29 

28 

1 

21 

0.10C0E 

01 

0.0 

0.0 


0.0 

22 

23 

24 

30 

29 

1 

22 

0. 1000E 

01 

0.0 

0.0 


0.0 

23 

24 

25 

30 

30 

1 

23 

C. 1000* 

01 

0.0 

0.0 


0.0 

24 

25 

31 

30 

30 

1 

24 

0. 10 COE 

01 

0.0 

0.0 


0.0 

25 

34 

33 

26 

26 

1 

25 

0.10CCE 

01 

0.0 

0. 2500D 

05 

0.0 

26 

26 

27 

35 

34 

1 

26 

0. 1000E 

01 

0.0 

0.0 


0.0 

27 

27 

28 

36 

35 

1 

27 

0.1000E 

01 

0.0 

0.0 


0.0 

28 

28 

29 

37 

36 

1 

28 

0. 10 00 E 

01 

0.0 

0.0 


0.0 

29 

29 

30 

38 

37 

1 

29 

C.1000E 

01 

0.0 

0.0 


0.0 

30 

30 

31 

38 

38 

1 

30 

0. 1000 E 

01 

0.0 

0.0 


0.0 

31 

31 

32 

38 

38 

1 

31 

0. 1000E 

01 

0.0 

0.0 


0.0 

32 

39 

34 

35 

35 

1 

32 

0. 1000 E 

01 

0.0 

0. 2500D* 

05 

0.0 

33 

35 

36 

40 

39 

1 

33 

0 . 1 COOK 

01 

0.9 

0.0 


0.0 


/ ALLOWABLE STRESSES / 

TERSIOH COHPRESSIOB SHEAR 

0.2500E 05 0 • 2500F 05 0.0 


PRHT BARD 
CODE WDTH 


3 10 

3 11 

3 12 

3 13 

3 14 

3 6 

3 18 

3 18 

3 18 

3 18 

3 16 

3 14 

3 16 

3 16 

3 16 

3 16 

3 14 

3 14 

3 16 

3 16 

3 16 

3 16 

3 14 

3 14 

3 17 

3 19 

3 19 

3 19 

3 18 

3 16 

3 14 

3 11 

3 11 


2S 




34 

36 

37 

41 

40 

1 

34 

0.1000E 01 

0.0 

0.0 

0.0 

3 

10 

35 

37 

30 

41 

41 

1 

35 

0. 1000E 01 

0.0 

0.0 

0.0 

3 

8 

36 

42 

39 

40 

40 

1 

36 

0.1000E 01 

0.0 

0.2500D 05 

0.0 

3 

6 

37 

40 

41 

42 

42 

1 

37 

0. 1000 E 01 

0.0 

0.0 

0.0 

3 

4 

JUCTUFE 



STRUCTURE 

LOAD 

MULTIPLIERS 







LOAD CASE 


1.000 


0.0 


0.0 


0.0 


NODAL DI SPL AC EH ENT/ROT AT I ON CONSTRAINTS 


MODE LOAD/ 

NO. CASE DX DT D Z 

6 1 0.03410 0.0 0.0 

32 1 0.0 0.03410 0.0 


-NAX. ALLOWABLE DISPLACE HE NTS AND ROTATIONS- 


0.0 

0.0 


RT 


0.0 

0.0 


RZ 


0.0 

0.0 


-DX 

-0.03410 

0.0 


-DT 

0.0 

-0.03410 


-DZ 

0.0 

0.0 


-RX 

0.0 

0.0 


-RT 

0.0 

0.0 


-RZ 

0.0 

0.0 


NODAL POINT LOADS 


NODE LOAD 
NO. CASE 


RX 


APPLIED LOADS 
RT RZ 


NX 


TT 


HZ 


TOTAL NtTHBER OF EQUATIONS = 74 
BANDWIDTH = 19 
NOHBER OF EQUATIONS IN A BLOCK = 47 
NUHBER OF BLOCKS = 2 


N.1.16 



***** 4 ************************ 

ANALYSIS OF DESIGN NUMBER 0 

* 4 * 444*44144444 4 444 * 4444444 * 44 * 


NODAL DISPLACEHENTS AND ROTATIONS 


NODE 

LOAD 

X 

T 


7. 

XT 

YY 

*»2 

1 

© 

o 

8.646E-02 

0.0 

0.0 

0.0 

0.0 

a i 

1 

o 

© 

7 , 082E-02 

© 

© 

0.0 

0.0 

© 

© 

40 

1 

-2.878E-04 

7.563E-02 

o 

o 

0,0 

0.0 

0.0 

39 

1 

-4.915E-03 

8. 1345-02 

0.0 

© 

o 

© 

© 

0.0 

38 

1 

© 

© 

6.712E-02 

0.0 

0.0 

0.0 

© 

o 

37 

1 

1.088E-03 

6 . 581E-02 

0.0 

0.0 

0.0 

0.0 

36 

1 

1. 2131-03 

6 . 4 12E-02 

© 

© 

0.0 

0.0 

0.0 

35 

1 

6 . 326E-04 

6 . 5 16E-02 

0.0 

o 

© 

0.0 

0.0 

34 

1 

-4.914E-03 

6.986E-02 

0.0 

0.0 

0.0 

© 

© 

33 

1 

-2 . 869E-03 

6.421E-02 

0.0 

© 

© 

0.0 

0.0 

32 

1 

© 

© 

6. 548E-02 

0.0 

0.0 

o 

o 

0.0 

31 

1 

4 • 052E-03 

6.414E-02 

0.0 

0.0 

0.0 

© 

© 

30 

1 

5.430E-03 

5 . 966E-02 

0.0 

0.0 

0.0 

0.0 

29 

1 

5 • 867E-03 

5. 249B-02 

0.0 

0.0 

o 

o 

o 

o 

20 

1 

5* 737E-03 

5 . 024E-02 

0.0 

© 

© 

0.0 

0.0 

27 

1 

5 • 960E-03 

ft . 721B-02 

0.0 

0.0 

0.0 

0.0 

26 

1 

7.258E-03 

ft * 696E-02 

0.0 

0.0 

0.0 

0.0 

25 

1 

1.417B-02 

5. 178E-02 

© 

© 

0.0 

0.0 

o 

o 

2ft 

1 

1.600E-02 

4 • 18 IE-02 

o 

o 

0.0 

© 

o 

0.0 

23 

1 

1.559F-02 

3.580E-02 

0.0 

0.0 

0.0 

© 

© 

22 

1 

1.587E-02 

3.2582-02 

0.0 

o 

© 

0.0 

o 

o 

21 

1 

1 • 595E-02 

2 . 90 1E-0 2 

0.0 

© 

© 

0.0 

0.0 

20 

1 

1.552E-02 

2.666E-02 

0.0 

0.0 

0.0 

0.0 

19 

1 

2. 8 12E-02 

2.849E-02 

0.0 

0.0 

0.0 

© 

o 

18 

1 

3.001E-02 

2 . 092E-02 

0.0 

0.0 

0.0 

o 

© 

17 

1 

2* 657E-0 2 

2. 1088-02 

0.0 

0.0 

0.0 

0.0 
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16 

1 

2. 0370-02 

1 .701E-02 

0.0 

0.0 

0.0 

o 

o 

15 

1 

2.964E-02 

1.280B-02 

o 

o 

0.0 

0.0 

0.0 

14 

1 

3.017E-02 

1 • 0 17E-02 

0.0 

0.0 

0.0 

0.0 

13 

1 

3 . 4 97E-02 

1. 224E-02 

0.0 

0.0 

0.0 

o 

o 

12 

1 

3.722E-02 

5. 331E-03 

0.0 

0.0 

0.0 

o 

o 

11 

1 

3.597E-02 

8.326E-03 

0.0 

0.0 

0.0 

0.0 

10 

1 

3 . 678E-02 

6 . 509E-03 

0.0 

0.0 

0.0 

0.0 

9 

1 

3 . 7 1 2E-02 

5. 166E-03 

0.0 

0.0 

0.0 

0.0 

e 

1 

3.B43E-02 

3. 305E-03 

0.0 

0.0 

0.0 

0.0 

7 

1 

3 * 804 E-02 

1 . 875E-03 

0.0 

0.0 

0.0 

0.0 

6 

1 

3.675E-02 

0.0 

0,0 

0.0 

0.0 

0.0 

5 

1 

3 . 785E-02 

0.0 

0.0 

0.0 

0.0 

0.0 

0 

1 

3.80 IE-02 

0.0 

0.0 

0.0 

0.0 

0.0 

3 

1 

3 * 868E-02 

0.0 

0.0 

0.0 

0.0 

o 

o 

2 

1 

3.942E-02 

0.0 

0.0 

0.0 

0.0 

0.0 

1 

1 

3.985E-02 

0.0 

0.0 

0.0 

0.0 

0.0 


VALUES or DESIGH VARIABLES 



1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

0 

0 . 5500E- 0 1 

0.5500E-01 

0. 5500E-01 

0. 5500E-01 

0. 5500E-0 1 

0. 5500E-01 

0. 5500E-01 

0. 5500E-0 1 

0.5500E-01 

0. 5500E-0 1 

10 

0 • 5500E-01 

0.5500 E-0 1 

0.5500E-01 

0 . 5500E-0 1 

0. 5500E-0 1 

0. 5500E-0 1 

0. 5500E- 01 

0. 5500E- 01 

0. 5500E-01 

0. 5500E-01 

20 

0 • 5500E-0 1 

0.5500E-01 

0.5500E-01 

0 • 5500E-0 1 

0.5500E-01 

0. 5500E-01 

0.5500E-01 

0. 5500E-01 

0. 5500E-01 

0. 5500 E-0 1 

30 

40 

0. 5500E-0 1 
0.2145E-01 

0.5500E-01 
0.2145 E-0 1 

0. 5500E-01 
0. 2145E-01 

0.5500E-01 

0. 5500E-0 1 

0. 5500E-01 

0.5500E-01 

0. 2145E-0 1 

0.2145E-01 

0. 2145E-0 1 


ANALYSIS Of TRUSS ELEMENTS , COHSTBH CODE= 1 


BLEHENT 

X-SECT AREA 

LOAD COND 

AXIAL FORCE 

1 

0.2145E-01 

1 

0.3369E 03 

2 

0. 2145 E- 01 

1 

0. 3113E 03 

3 

0.214 5E- 0 1 

1 

0.298PE 03 

4 

0.2145 E- 01 

1 

0.9733E 02 

5 

0.2145E-01 

1 

-0.5920E 02 

6 

0.2145E-01 

1 

-rO. 1065E 03 

ANALYSIS 

OF HENBPAHE 

ELEMENTS, 

COHSTRN C0DE= 


N.1.18 



SHEET LOAD /— HEHBRANE FORCES IH LOCAL COORDS- HE H BRAHE FORCES IH HATE RIAL COORDS-/ 


ELEHERT 

THICKNESS 

CORD 

LOCATION 

NXX 


NTT 


NXT 


Nil 


N22 

N12 

1 

0. 5500E-0 1 

1 

CER 

-0. 19 10 E 

01 

0.1776E 

03 

0. 392 IE 

01 

-0.1910E 

01 

0 . 1776 E 03 

0.3921E 01 

2 

0. 5500E-0 1 

1 

CEN 

0.2901E 

02 

0.2959E 

03 

-0.1749E 

02 

0.2901E 

02 

0.2959E- 03 - 

-0.1749E 02 

3 

0. 5500E-0 1. 

1 

CEN 

0.7665E 

02 

0 . ft 273E 

03 

-0.1916E 

02 

0.7665E -02 

0.4273E 03 

-0.1916E 02 

ft 

0* 5500E-0 1 

1 

CER 

0. 1074E 

03 

0.5786E 

03 

-0.1324E 

02 

0, 1 07ftF 

03 

0.5786E 03 

-0.1324E 02 

5 

0 . 5500E-0 1 

1 

CEN 

0. 163UE 

03 

0.7496E 

03 

0.2219E 

02 

0.1634E 

03 

0.7496 E 03 

0.2219E 02 

6 

0. 5500E-0 1 

1 

CEN 

0 . 476 1 E 

03 

0 . 4 7 3 7E 

03 

-0.3588E 

03 

0.47618 

03 

0.4737E 03 

-0.3588E 03 

7 

0 . 5500E-0 1 

1 

CEN 

-0.6145E 

00 

0.2532E 

03 

-0. 1955E 

02 

-0.6145E 

00 

0.2532E 03- 

-0.1955E 02 

8 

0.5500E-01 

1 

CEN 

0. 1 ft 0 3 E 

02 

0.3263E 

03 

-0.4935E 

02 

0.1403E 

02 

0.3263E 03 

-0.4935E 02 

9 

0.5500E-01 

1 

CEN 

0. 3486E 

02 

0 . ft 193E 

03 

-0.7257E 

02 

0.3486E 

02 

0. ft 193E 03 

-0.7257E 02 

10 

0.5500E-01 

1 

CEN 

0.7451E 

02 

0 . 533 ftE 

OJ 

-0.3932E 

02 

0.7451E 

02 

0.5334E 03 

-0.3932E 02 

11 

0,55 09E-0 1 

1 

CEN 

0. 1216E 

03 

0.5809E 

03 

0. 1565E 

03 

0.1216E 

03 

0.5809E 03 

0.1565E 03 

12 

0. 5500E-0 1 

1 

CEN 

0.6502E 

03 

0 . ft 867E 

02 

0.1061E 

03 

0.6502E 

03 

O. 4067E- 02 

0.1061E 03 

13 

0. 5500B-0 1 

1 

CEN 

0. 1320E 

02 

0.3U39E 

03 

-0.6197E 

02 

0.1320E 

02 

0 . 3ft 39E 03 

-Q.6197E 02 

1ft 

0. 5500E-0 1 

.1 

CEN 

-0. 1527E 

02 

0 . 361 IE 

03 

-0.6122E 

02 

-■0. 1527E 

Oi 

0 . 361 IE 03 

-0.6122B02 

15 

0.5500E-01 

1 

CEN 

-0.4969E 

02 

0.3900E 

03 

-0.6121E 

02 

-0.4969E 

02 

0.-3900 E 03 

--0.6121E 02 

16 

0, 5500E-0 1 

1 

CEN 

0. 1312B 

03 

0.2ft3lE 

03 

5-0* 2283E 

03 

0.1312E 

03. 

0- 2431 E 03 

-0.2283E 03 

17 

0, 5500E-0 1. 

1 

CEN 

0.6864E 

02 

0.3238E 

03 

0.1tt73E 

03 

0.6864E 

02 

O.3230E 03 

0. 1473E 03 

. 18 

0. 5500E-0 1 

1 

CEN 

0.2670E 

03 

0.6971E 

02 

0.18B4E 

03 

0.2670E 

03- 

0. 6971 E 02 

0.1884E 03 

19 

0. 5500E-0 1 

1 

CEN 

0. 3097E 

02 

0.339ttE 

03 

-0.1117E 

03 

0,3 097E 

02 

0. 3394E 03 

-0.1117E 03 

20 

0. 5500E-0 1 

1 

CEN 

0.7399E 

00 

0.3012E 

03 

-0.1100E 

03 

0.7399E 

00- 

0, 30 1 2E 03 

-0.1100E 03 

21 

0. 5500E-0 1 

1 

CEN 

-0. 3272E 

02 

0.2869E 

03 

-0.1305E 

03 

-0.3272E 

02. 

0. 2869 E- 0 3 

-0.1305E 03 

22 

0, 5500E-0 1 

1 

CEN 

-0.9936E 

02 

0.2579E 

03 

-0.1003E 

03 

-0.9936E 

02 

0.2579E 03 

-0.1003E03 

23 

0 . 5500E-0 1 

1 

. CEN 

-0. 1090 E 

03 

0.6321E 

02 

0.8931E 

02 

-0.1090E 

03 

0. 632 IE 02 

0 . 893 IE 02 

2ft 

0. 5500E-0 1 

1 

CEN 

-0. 1199E 

03 

0. 1277E 

03 

0.1377E 

03 

-0,1 199E 

03. 

0, 1277E 03 

-0.1377E-03 

25 . 

0, 5500E-0 1 

1 

CEN 

0. 3609E 

01 

0.26ftftE 

03 

0.7217E 

01 

0.3609E 

01 

0 . 2644 E 03 

0.7217E 01 

26 

0. 5500E-0 1 

1 

CEN 

0 . 40 1 1 E 

02 

0.2525E 

03. 

-0.8755E 

02 

0 . ft 01 IE 

02 

0, 2525E- 03 

-C.8755E 02 

27 

0. 5500E-0 1 

1 

CEN 

0. 1701 E 

02 

0.2612E 

03 

-0.9821E 

02 

0.1701E 

02 

0. 2612E 03 

-0.-982 IE ,02 

28 

0, 5500E-0 1 

1 

CEN 

-0.7756E 

01 

0.2115E 

03 

-0.11M3E 

03 

-0.7756E 

or 

0.2115E 03 

-0*1 143E 03 

29 

0 . 5500E-0 1 

.1 

CEN 

-0.7436E 

02 

0.1191E 

03 

-0.7791E 

02 

-0 .7436 B 

02- 

0, 1191E- 03 

«0. 779 IE 02 

30 

0, 5500E-0 1 

1 

CEN 

-0. 1750E 

03 

-0.4039E 

02 

0.1278E 

02 

-0.1750E 

03 

-0.4039E 02 

0.127RE 02 

31 

0.5500E-0 1 

1 

CEN 

-0.2708E 

03 

0.93B8E 

01 

0.6394E 

02 

-0.2708E 

03 

O', 9368 E- 01 

0.6394E 02 

32 

0, 5500E-0 1 

1 

CEN 

0.6411E 

02 

0.2565E 

03 

■ 0.3108E 

02 

0 . 6 ft 1 1 E 

02 

0, 2565E 03 

■0.310 BE 02 

33 

0. 5500E-0 1 

1 

CEN 

0. 1048E 

.03 

0.1R46E 

03 

-0.1052E 

03 

0. 1O40E 

03 

0.1846E 03 

-0.1052E 03 

3ft 

0. 5500E-0 1 

1 

CEN . 

0.572OE 

02 . 

0.1496E 

03 

-0.8187E 

02 

0.5724E 

02 

0. 1ft96 E 03- 

-0.8187E 02 

35 

0. 5500E-0 1 

1 

CEN 

-0.2292E 

02 

0.8165E 

02 

J-0.4095E 

02 

-0.2292E 

02 

0.8165E 02 

■ -0 • 4095E 02 

36 

0. 5500E-0 1 

1 

CEN 

0. 1456E 

03 

0.2220E 

03 

0.1615E 

02 

0.1456E 

03 

-0.2220E 03 - 

JJ.1615E 02 

37 

0.5500 E-0 1 

1 

CEN 

0.1245E 

03 

0.1555E 

03 

-0.7986E 

02 

0.1245E 

03 

0. 1555E 03 

-0.7986B 02 


******************************* 
EVALUATION OF DESIGN HUHBEP 0 
******************************* 


HAX 

HIN 


STRESS RATIO 
O.6202E 00 
0.181BE 00 


LOAD CORD 
1 
0 


DES VARIABLE 
38 
1 


HAX DISP RATIOS 


LOAD CORD EQN RUBBER 


0. 1920E 01 
0.1078E 01 


57 

6 


URIFORH SCALING OPERATION FOLLOWS 


N.1.19 



SCALE FACTOR IS 1.920AND DETERNINED BT DISPLACEHENT CONSTRAINTS 


DESIGN VARIABLES OF SCALED (CRITICAL) DESIGN ARE 
VALDES OP DESIGN VARIABLES 



1 

2 

3 

9 


5 

0 

0.1056E 00 

P. 1056 E 00 

0, 1056E 00 

0. 1056E 

00 

0. 1056E 

10 

0. 1056E 00 

0. 1 056 E 00 

0.1056E 00 

0. 1056E 

00 

0. 1056E 

20 

0.1056E 00 

0. 1056E 00 

0.1056E 00 

0.1056E 

00 

0. 1056E 

30 

0.1056E 00 

0. 1056 E 00 

0. 1056E 00 

0.1056E 

00 

0. 1056E 

uo 

0.4119E-01 

0,91 19E- 01 

0.911 9E- 0 1 





STRUCTURAL HEIGHT- 0.8656E 00 
REDESIGN OPERATION FOLLOHS 

OPTIHALITT INDEX OF DESIGN VARIABLES FOR DISPT. CONSTRAINTS 
DV NO ACT/PAS INDEX 


1 

ACT 

0.79720E-01 

2 

ACT 

-0. 16619E 00 

3 

ACT 

-0.72560E 00 

9 

ACT 

-0. 16397E 01 

5 

ACT 

-0.28698E 01 

6 

ACT 

-C. 3B002E 01 

7 

ACT 

-0. 16937 E-0 1 

8 

ACT 

-0.30552E 00 

9 

ACT 

-0. 76658 E 00 

10 

ACT 

-0. 13821E 01 

11 

ACT 

-0, 2 1025 E 01 

12 

ACT 

-0.25827E 01 

13 

ACT 

-0. 35992E 00 

19 

ACT 

-0. 97191E 00 

15 

ACT 

-0. 737 30 E 00 

16 

ACT 

-O.95890E 00 

17 

ACT 

-0. 89799 E 00 

18 

ACT 

-0.87708E 00 

19 

ACT 

-0. 40820 E 00 

20 

ACT 

-0.41774E 00 

21 

ACT 

-0.609U0E 00 

22 

ACT 

-0.71355E 00 

23 

ACT 

-0.22433E 00 

29 

ACT 

-0.54710B 00 

25 

ACT 

-0.57062E-01 

26 

ACT 

-0. 1 1658E 00 

27 

ACT 

-0. 2783 1 E 00 

28 

ACT 

-0.34672E 00 

29 

ACT 

-0. 24949 E 00 

30 

ACT 

-0. 57441E 00 

31 

ACT 

-0. 1 4 0 7 3 E 01 

32 

ACT 

-C. 59266E- 0 1 

33 

ACT 

-0. 66906E-01 



6 


7 


8 

9 

10 

00 

0.1056E 

00 

0. 1056E 

00 

0.1056E 00 

0.1056E 00 

0. 1 056 E 00 

00 

0.1056E 

00 

0.1056E 

00 

0.1056E 00 

0.1056E 00 

0.1056E 00 

00 

0.1056E 

00 

0. 1056E 

00 

0. 1056E 00 

0.1056E 00 

0.1056E 00 

00 

0.1056E 

00 

0.1056E 

00 

0, 4119 E- 01 

0.4119E-01 

0.41 19E-01 


N.1.20 


34 

ACT 

35 

ACT 

36 

ACT 

37 

ACT 

38 

ACT 

39 

ACT 

40 

ACT 

41 

ACT 

42 

ACT 

43 

ACT 


0.2291 1B-0 1 
0. 1U580E 00 
-0. 10436E 00 
0.81451E-01 
-0.43053B 01 
-0. 36766 E 01 
-0. 24801 B 01 
-0# 52199E 00 
-0.95278E-01 
-0. 51752E 00 


NO. OF ACTIfE DISPLACEBBNT CONSTRAINTS ARE 



ANALYSIS OF DESIGN NDHBER 7 


NODAL DISPLACEMENTS AND ROTATIONS 


NODE 

LOAD 

X 

Y 


% 

XX 

YT 

42 

1 

o 

o 

1.720E-01 

0.0 

0.0 

0.0 

o 

o 

41 

1 

0,0 

7.554E-02 

0.0 

0.0 

0.0 

0.0 

SO 

1 

6.938E-03 

1 • 1 10E-O1 

0.0 

0.0 

0.0 

0.0 

39 

1 

1.155E-02 

1.589E-01 

0.0 

0.0 

0.0 

o 

o 

30 

1 

0.0 

3.551E-02 

0.0 . 

0.0 

0.0 

0.0 

37 

1 

6.467E-03 

5. 329E-02 

0.0 

0.0 

0.0 

0.0 

36 

1 

1.091E-02 

5. B56E-02 

0.0 

0.0 

0.0 

0.0 

35 

1 

2 . 521E-02 

1 . 021E-01 

0.0 

0.0 

0.0 

0.0 

34 

1 

3. 298E-02 

1 • 581E-01 

0.0 

o 

o 

0.0 

0.0 

33 

1 

4.162E-02 

1.580B-01 

0.0 

0.0 

0.0 

o 

© 

32 

1 

0.0 

3.412E-02 

0.0 

0.0 

0.0 

0.0 

31 

1 

1.211E-03 

3.247E-02 

0.0 

0.0 

o 

o 

o 

© 

30 

1 

9.910E-04 

2. 859E-02 

0.0 

0.0 

0.0 

0.0 

29 

1 

6.769E-03 

2.9 16E-02 

0.0 

0.0 

0.0 

0.0 

28 

1 

1 . 320E-02 

3.868E-02 

o 

o 

0.0 

0.0 

0.0 

27 

1 

2 . 772E-02 

6.079E-02 

0.0 

0.0 

o 

o 

0.0 

26 

1 

4. 175E-02 

0 • 868E-02 

0.0 

0.0 

0.0 

0.0 

25 

1 

3 • 1 69E-03 

2. 337E-02 

0.0 

o 

o 

0.0 

0.0 

24 

1 

3.788E-03 

1.9 14E-02 

0.0 

0.0 

0.0 

0.0 

23 

1 

5 . 60OE-O3 

2. 130E-02 

0.0 

0.0 

0.0 

0.0 

22 

1 

9.415E-03 

2.953E-02 

0.0 

0.0 

o 

o 

0.0 

21 

1 

1 • 4 29E- 02 

5 • 180E- 02 

0.0 

0.0 

0.0 

0.0 

20 

1 

1.6 07E-0 2 

5.951E-02 

0.0 

0.0 

0.0 

0.0 

19 

1 

5.537E-03 

1. 125E-02 

0.0 

0.0 

0.0 

0.0 

IB 

1 

6.41 2E-03 

9.095E-03 

0.0 

0.0 

o 

© 

0.0 

17 

1 

6. 275E-03 

1.589E-02 

o 

o 

0.0 

0.0 

0.0 


N.1.22- 



16 

1 

6 . 253E-03 

2. 54 IE-02 

0.0 

0.0 

0.0 

0.0 

15 

1 

B . 401E-03 

2.804E-02 

0.0 

0.0 

0.0 

0.0 

14 

1 

1.076E-02 

2.066E-O2 

0.0 

0.0 

0.0 

0.0 

13 

1 

8.198E-03 

4.357E-03 

0.0 

-0.0 

0.0 

0.0 

12 

1 

8.746B-03 

1.917E-03 

0.0 

0.0 

0.0 

0.0 

11 

1 

8.620E-03 

4. 153E-03 

0.0 

0.0 

0.0 

0.0 

10 

1 

8 .6015-03 

6.984E-03 

0.0 

0.0 

0.0 

0.0 

9 

1 

9 » 290E-03 

7 , 420B-03 

0.0 

0.0 

0.0 

0.0 

8 

1 

1 • 246E-02 

8 . 229E-03 

0.0 

0.0 

0.0 

0.0 

7 

1 

1 • 352E-02 

7.559B-03 

0.0 

0.0 

0.0 

0.0 

6 

1 

1 • 120E-02 

0.0 

0.0 

0.0 

0.0 

0.0 

5 

1 

1.020B-02 

0.0 

0.0 

0.0 

0.0 

0.0 

4 

1 

9,1 82E-03 

0.0 

0,0 

0.0 

0.0 

0.0 

3 

1 

1.047E-02 

0.0 

0.0 

0.0 

0.0 

0.0 

2 

1 

1.241E-02 

0.0 

0.0 

0.0 

0.0 

0.0 

1 

1 

1 • 382E-02 

0.0 

0.0 

0.0 

0.0 

0.0 


VALUES or DESIGN VARIABLES 



1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

0 

0. 1000E-01 

0.1000B-01 

0. 1000E-01 

0. 1000E-01 

0. 52 16E-0 1 

0.6354E 00 

0. 1000B-01 

0. 1000E-01 

0, 1039E-0 1 

0.8679E-01 

10 

0. 1425E 00 

0.4187E 00 

0. 10008-01 

0. 2338E-0 1 

0. 6573B-01 

0.1121E 00 

0.1782E 00 

0.1663E 00 

0. 24468-01 

0.32768-01 

20 

0.5905E-01 

0. 97868-01 

0.2869E-01 

0.7350E-01 

0. 1302E-01 

0. 10008-01 

0.1691E-01 

0, 3153E-01 

0.1000E-01 

0.1332E 00 

30 

40 

0.2400E 00 
0. 28918-01 

0.121BE-01 
0. 10008-01 

0. 1059E-01 
0. 19008-01 

0. 1000E-01 

0. 1000E-01 

0. 1000E-01 

0, 10008-01 

0.2795E 00 

0.1590E 00 

0.1047B 00 


ANALYSIS OF TRUSS ELEMENTS, CONSTRN CODE« 1 
ELEMENT I-SECT ARPA LOAD COND AXIAL FORCE 

1 0.2795B 00' 1 0.1515E 04 

2 0.1590E 00 1 0.8292E 03 

3 0.1047E 00 1 0* 5229E 03 

4 0.2891 E-01 1 0.1199E 03 

5 O.IOdOE-OI 1 0.1138B 02 

6 0.1000E-01 1 -0.1322E C2 


ANALYSIS OF MEMBRANE ELEMENTS, CONSTRN CODE= 


N.1.23 



SHEET LOAD / HEflBR A NE PORCES IN LOCAL COORDS //- -BEN BRAKE FORCES IN MATERIAL COORDS-/ 


ELEMENT 

THICKNESS 

COND 

LOCATION 

N XX 


NTT 


NXT 


Nil 


N22 


N 1 2 


1 

0.1000E-01 

1 

CEN 

-0, 1081E 

00 

0.9865E 

02 

0. 205 IE 

01 

-0. 10B1E 

00 

O.9065E 

02 

0 . 205 IE 

01 

2 

0. 1000E-0 1 

1 

CEN 

0.4328E 

01 

0.9909E 

02 

-0.3600E 

01 

0.4328E 

01 

0.9909E 

02 

-0.3600E 

01 

3 

0.1000E-01 

1 

CEN 

0. 1399E 

02 

0.964 IE 

02 

-0.3956E 

01 

0. 1 399 E 

02 

0.9641E 

02 

-0.3956E 

01 

4 

0 . 1000 E-0 1 

1 

CEN 

0.2740E 

02 

0.8576E 

02 

-0. 1237E 

02 

0. 2740E 

02 

0.8576E 

02 

-0.1237E 

02 

5 

0.5216E-01 

1 

CEN 

0 . 6 1 86 E 

02 

0.3209E 

03 

-O.039OE 

02 

0.6186E 

02 

0.3209E 

03 

-0.B390E 

02 

6 

0.6354E 00 

1 

CEN 

0.2710E 

04 

0. 1333E 

04 

-0. 1574E 

04 

0.2710E 

04 

0. 1333E 

04 

-0.1574E 

04 

7 

0. 1000E-0 1 

1 

CEN 

-0.2531E 

01 

0.1094E 

03 

-0.2911E 

01 

-0.2531E 

01 

0. 1094E 

03 

-0.291 IE 

01 

0 

0 * 1000E-0 1 

1 

CEN 

0.5541E 

01 

0. 1 10 2E 

03 

-0. 11 1 1E 

02 

0.5541E 

01 

0.1102E 

03 

-0*111 IE 

0.2 

9 

0. 1039E-01 

1 

CEN 

0.21C7E 

02 

0 . B 936 E 

02 

-0.2723E 

02 

0.2107B 

02 

0.8936E 

02 

-0.2723E 

02 

10 

0. 86 79E-0 1 

1 

CEN 

0.9475E 

02 

0.4922E 

03 

-0. 1979E 

03 

0.9475E 

02 

0. 4922E 

03 

-0.1979E 

03 

11 

0.1425E 00 

1 

CEN 

0.5742E 

02 

0.7737E 

03 

-0.4189E 

01 

0.5742E 

02 

0.7737E 

03 

-0.4189E 

01 

12 

O.4107E 00 

1 

CEN 

0.2184E 

04 

0 . 375 IE 

03 

0. 6696 E 

03 

0. 2184E 

04 

0. 3751E 

03 

0.6696E 

03 

13 

0 . 1 0OOE-O 1 

1 

CEN 

0.8854E 

01 

0. 1089E 

03 

-0. 160 IE 

02 

0. 8054E 

01 

0. 1089E 

03 

-0.1601E 

02 

14 

0. 2338E-0 1 

1 

CEN 

0.1195E 

02 

0. 174 IE 

03 

-0.5163E 

02 

0.1195E 

02 

0. 174 IE 

03 

-0.5163E 

02 

15 

0.6573E-01 

1 

CEN 

O.3046E 

02 

0.3460E 

03 

-0. 1532E 

03 

0. 3846E 

02 

0.3460E 

03 

-0.1532E 

03 

16 

0.1121E 00 

1 

CEN 

0.3760E 

03 

0.3410E 

03 

-0.3335E 

03 

0.3760E 

03 

0. 3410E 

03 

-0.3335E 

03 

17 

O.1702E 00 

1 

CEN 

0.8799E 

02 

0.8042E 

03 

0.3122E 

03 

0.8799E 

02 

0. 8042E 

03 

0.3122E 

03 

10 

0.1663E 00 

1 

CEN 

0.7200E 

03 

0.1205E 

03 

0.3147E 

03 

0.7200E 

03 

0. 1205E 

03 

0.3147E 

03 

19 

0. 2446 E-0 1 

1 

CEN 

0. 3091E 

02 

0. 1023B 

03 

-0.9206E 

02 

0 . 309 IE 

02 

0. 1823E 

03 

-0.9206E 

02 

20 

0 . 3276 E-0 1 

1 

CEN 

0.4868E 

02 

0.2036E 

03 

-0. 1233E 

03 

0.4B6BE 

02 

0. 2036E 

03 

-0.1233E 

03 

21 

0. 5905E-0 1 

1 

CEN 

0. 4930E 

02 

0.3183E 

03 

-0. 1612E 

03 

0. 4930E 

02 

0.3183E 

03 

-0.1812E 

03 

22 

0. 9796E-0 1 

1 

CEN 

-0.1005E 

03 

0.4594E 

03 

-0. 1462E 

03 

-0.1005E 

03 

0.4594E 

03 

-0.1462E 

03 

23 

0 . 2869E-0 1 

1 

CEN 

-0.4218E 

01 

0.7226E 

02 

0.3576E 

02 

-0. 4218E 

01 

0.7226E 

02 

0.3576E 

02 

24 

0.7350E-01 

1 

CEN 

0. 1 031 E 

03 

0.7802E 

02 

0. 1297E 

03 

0. 1 03 IE 

03 

0.7802E 

02 

0.1297E 

03 

25 

0 . 1 3 02 E-0 1 

1 

CEN 

0. 146BE 

00 

0 * 2506 E 

03 

0.2924E 

00 

0. 1468E 

00' 

0.2506E 

03 

0.2924E 

00 

26 

0 • 1000E-0 1 

1 

CEN 

0.4970E 

02 

0. 1706E 

03 

-0.9502E 

02 

0.4970E 

02 

0. 1706E 

03 

-0.9502E 

02 

27 

0.1691E-01 

1 

CEN 

0.7674E 

02 

0 . 2 174 E 

03 

-0. 1512E 

03 

0.7674E 

02 

0.2174E 

03 

-0.1512E 

03 

28 

0.3153E-01 

1 

CEN 

0.6998E 

02 

0.3019E 

03 

-0. 1605E 

03 

0.6998E 

02 

0. 3019E 

03 

-0.1605E 

03 

29 

0. 1 OOOE-O 1 

1 

CEN 

0.2483E 

02 

0.1044E 

03 

-0.4359E 

02 

0. 2483E 

02 

0. 1044E 

03 

- 0 . 4 3 5.9 E 

02 

30 

0. 1332E 00 

1 

CEN 

-0. 1498E 

03 

0.8623E 

02 

0. 1194B 

03 

-0. 1498E 

03 

0.8623E 

02 

0.1194E 

03 

31 

0.2400E 00 

1 

CEN 

-0.2641E 

03 

0.2132E 

03 

0.2418E 

03 

-0. 2641E 

03 

0.2132E 

03 

0.2418E 

03 

32 

0.1218E-01 

1 

CBN 

-0.1321E 

02 

0 . 295 IE 

03 

-0.3402E 

01 

-0. 1 32 IE 

02 

0. 295 IE 

03 

-0.3402E 

01 

33 

0 . 1 059E-01 

1 

CEN 

0. 1244E 

03 

0. 1440E 

03 

-0. 1329E 

03 

0. 1 244E 

03 

0. 1440E 

03 

-0.1329E 

03 

34 

0.1000E-01 

1 

CEN 

0.7477E 

02 

0. 1369E 

03 

-0.9246E 

02 

0.7477E 

02 

0. 1369E 

03 

-0.9246E 

02 

35 

0. 1 OOOE-O 1 

1 

CEN 

0.5766E 

02 

0.1019E 

03 

-0.7796E 

02 

0.5766E 

02 

0. 1019E 

03 

-0.7796E 

02 

36 

0. 1000E-0 1 

1 

CBN 

0.1810E 

02 

0.2264E 

03 

0. 1607E 

02 

0.1B10E 

02 

0.2264E 

03 

0.1607E 

02 

37 

0. 1000E-0 1 

1 

CEN 

0. 1231E 

03 

0.1181E 

03 

-0.1082E 

03 

0. 1 23 IE 

03 

0. 1181E 

03 

-0.1082E 

03 


******************************* 
EVA LfJA TION Or DESIGN NUMBER 7 
******************************* 


HA A 
MIN 


STRESS RATIO 
0.1009E 01 
0 . 8785E- 01 


LOAD COND DES VARIABLE 
1 33 

1 30 


MAX DISP RATIOS LOAD COND 


EQN NOfIB ER 


0.1000E 01 1 57 

0.3285E 00 1 6 


DESIGN IS CRITICAL 




N.1.24 


STRUCTURAL WEIGHT* 0.2759? 00 


REDESIGH OPERATION POLLOWS 


OPTIHALITT INDEX OP DESIGN VARIABLES FOR DISPT. 
DV HO ACT/PAS INDEX 


1 

PASS 

0.46669E 

01 

2 

PASS 

0. 27509E 

01 

3 

PASS 

0. 20246? 

01 

4 

PASS 

0. 10124B 

01 

5 

ACT 

-0.61372? 

00 

6 

ACT 

-0. 11184B 

01 

7 

PASS 

P. 3182 IE 

01 

8 

PASS 

0.21367E 

01 

Q 

PASS 

-0.73782E 

00 

10 

ACT 

-0.99731? 

00 

11 

ACT 

-0.91146? 

00 

12 

ACT 

-0. 10865B 

01 

13 

PASS 

-0.62892? 

00 

14 

ACT 

-0.9 1557E 

00 

15 

ACT 

-0. 103R4E 

01 

16 

ACT 

-0. 10167E 

01 

17 

ACT 

-0.99288? 

00 

10 

ACT 

-0. 10153E 

01 

19 

ACT 

-0.97199E 

00 

20 

ACT 

-0. 10245E 

01 

21 

ACT 

-0.99244? 

00 

22 

ACT 

-0.99983E 

00 

23 

ACT 

-P.92391E 

00 

24 

ACT 

-0.98679? 

00 

25 

ACT 

-0.96531? 

00 

26 

PASS 

-0.96643? 

00 

27 

ACT 

-0.96663? 

00 

28 

ACT 

-0. 10263B 

01 

29 

PASS 

0. 24172E 

01 

30 

ACT 

-0. 10184E 

01 

31 

ACT 

-0.99558E 

00 

32 

PASS 

0.91837E 

00 

33 

PASS 

0.58773? 

00 

34 

PASS 

0. 17759? 

01 

35 

PASS 

0. 12665? 

02 

36 

PASS 

0.25223? 

01 

37 

PASS 

0.38770? 

01 

38 

ACT 

-0. 10281? 

01 

39 

ACT 

-0.93958E 

00 

40 

ACT 

-0.92939? 

00 

41 

ACT 

-0. 91456? 

00 

42 

PASS 

-0. 30707E 

-01 

43 

PASS 

-0.27262E 00 


NO. OF ACTIVE DISPLACFNENT CONSTRAINTS ARE 1 


CONSTRAINTS 


N.1.2S 
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0. SHEAR PANEL ELEMENTS 


Shear Lag Problem 



Figure 0.1.1 shows a composite tension member consisting of 
bars and shear panels. The transverse bars, such as DE, carry no 
stress; their sole function is to increase the buckling strength of 
the skin. Consequently, only the shear panels and the longitudinal 
bars have to be included in the finite element model of the structure. 

The material properties of the structure are: 

E = 10 x 10^ psi (Young’s modulus), 

V =0.3 (Poisson’s ratio), 

a* = a* = 20,000 psi (allowable normal stress), 
a* = 8,000 psi (allowable shear stress), 

p =0.1 lb/cu. in. (specific weight). 


/■ 
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Apart from stress limits, local buckling of the panels rs not allowed, 
and the following constraints are placed on the displacements at points 
A, B and C: 

u* = -0.05 n (in the negative x-direction) . 

The shear panels are assumed to behave as simply supported plates 
during buckling. 

The design is started with 


t = 0,1 in. (thickness of sheet), 

A A f = A^^ = 1 sq. in. (cross-sectional area of longitudinals 
AF and CH) , 


A 


BG 


2 sq. in. (cross-sectional area of longitudinal BG) , 


and the following minimum size constraints are imposed: 


t* = 0.01 in. , 

a af = a ch " 0,1 sc i- in - > 

A* g = 0.2 sq. in. 

Symmetry considerations allow us to model only half of the 
structure, as shown in Fig. 0.1.2. All elements are sized independently, 
except for the two shear panels closest to the load, which are required 
to have the same thickness. The design variable numbers are identified 
in Fig. 0.1.3. 

Two computer runs of the same problem were made. In the first 
run a = 0.4 was used as the relaxation factor. Fourteen redesign 
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cycles were required for convergence, which is an unusually large 
number. The final design is given in Fig. 0.1.3, and the weight 
history of the design procedure in Fig. 0.1.4. The latter shows a 
temporary weight increase between design Nos. 1 and 2 which, however, 
is too small to activate the cut-off criterion AW/W > e. As in the 
problem of Sec. M.1.1, the increase is due to a change in the active 
constraints (displacement to stress). 

The second run used a = 0.3 in an attempt to reduce the number 
of redesigns by over-relaxation. This resulted in a much larger in- 
crease of structural weight when the change in the active constraints 
occurred, (see Fig. 0.1.4), which in turn caused a termination of the 
design. The complete history of the second run is given in the computer 
printout sheets . 

This example illustrates that the activation of the cut-off 
criterion based on weight increase does not necessarily mean that an 
optimal design has been reached. In order to minimize the possibility 
of a premature program termination, extensive over-relaxation should 
be avoided in the first few design cycles, i.e., the first run should 
use a "normal" value of a (in this case 0.4 < a < 0.6). The results of 
the initial run (optimality indicies, design variables and changes in 
weight) can then be analyzed, and an appropriate change made in the 
relaxation factor. 

It is important to note that the relaxation factor influences 
only displacement-constrained designs, since it is not used in the 
stress ratio method. Consequently, a change in a after the second 
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redesign would have very little effect on the design history of the 
current problem. 

It should also be mentioned that the minimum size constraints 
play a major role in this example, despite the fact that only one 
design variable (design variable No. 9 in Fig. 0.1.3) reaches the min- 
imum value. It is easy to verify that if no size constraints exist, 
the optimal design is obtained by the removal of all members with the 
exception of the longitudinal members AF and CH, The half-weight 
of the resulting structure (determined by the displacement constraint 
at A) would be 20.0 lb., as compared to 21.38 lb. for the design in 
Fig. 0.1.3. 

Special notes on input t ? 

1) Because buckling of the longitudinals was not considered, the 

moments of inertia were left blank on the bar element data cards 

6 4 

(computer replaced the blanks by 10 in.). 

2) Although Construction Code No. 1 was specified for the bar elements. 
Code No. 2 would have served equally well, since the only difference 
between the two codes lies in the evaluation of the Euler buckling 
strength. 

3) The dimensions of the shear panels (used in local buckling analysis) 
were left blank on the data cards. Consequently, dimensions in 
Processed Element Data were calculated by the computer. 

4) KSCALE = 1 on Design Control Card indicates that uniform scaling is 
exact for this problem, the size-stiffness relationship being 

[K.] = [k.]A. 

for each element of the structure. 
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Figure 0.1.2 

Finite Element Model for Lower Half of the Structure Showing Element and Node Numbers 
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Figure 0.1.3 

Optimal Design from the First Run Showing Design Variable Numbers and Final Sizes 
of Elements 
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Echo of Input Cards for Second Run 
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SHEARLAG PROBLEM - STRESS, LOCAL BUCKLING AND DISPLACEMENT CONSTRAINTS 


NUMBER OP NODAL POINTS = 18 
NUMBER OF ELEMENT TYPES = 2 
NUMBER OF LOAD CASES = 1 
NUMBER OF DES. VARIABLES ^ 23 


DESIGN CONTROL DATA 

NCYCL * 15 

KSCALE= 1 

DELTA * 0.2500E-01 

EPSIL * 0.1000E 00 

KDISP * 1 

OMEGA = 0.80000 

ALPA = 0.30000 


DESIGN VARIABLE INPOT DATA 


DESIGN 




VARIABLE 

INITIAL 

MIN ALLOWABLE 

NUMBER 

VALUE 

VALUE 

1 

0. 1000E 

01 

0.1000E 00 

2 

0. 1000E 

01 

0.1000E 00 

3 

0.1000E 

01 

0.1000E 00 

4 

0.1000E 

01 

0.1000E 00 

5 

0.1000E 

01 

0. 1000E 00 

6 

0. 1000E 

01 

0.1000E 00 

7 

0.1000E 

01 

0. 1000E 00 

8 

0.1000E 

01 

0.1000E 00 

9 

0.1000E 

01 

0. 1000E 00 

10 

0. 1000E 

01 

0.1000E 00 

11 

0.1000E 

01 

0.1000E 00 

12 

0.1000E 

01 

0. 1000E 00 

13 

0.1000E 

01 

0.1000E 00 

14 

0.1000E 

01 

C.1000E 00 

15 

0.1000E 

01 

0. 1000E 00 

16 

0.1000E 

01 

0. 1000E 00 

17 

0.1000E 

00 

0. 1000E-01 

18 

0. 1000E 

00 

0.1000E-01 

19 

0.1000E 

00 

0. 1000E-01 

20 

0.1000E 

00 

0. 1000E-01 

21 

0.1000E 

00 

0. 1000E-01 

22 

0. 1000E 

00 

0.1000B-01 

23 

0.1000E 

00 

0. 1000E-01 


NODAL POINT INPUT DATA 


NODE BOUNDARY CONDITION CODES / NODAL POINT COORDINATES 

NUMBER X Y Z XX YY ZZ X Y 


1 

0 

-1 

-1 

-1 

-1 

-1 

0.000 

-5.000 

0.000 

5 

0 

0 

0 

0 

0 

0 

10.000 

-5.000 

0.000 

9 

0 

0 

0 

0 

0 

0 

30.000 

-5.000 

0.000 

13 

0 

0 

0 

0 

0 

0 

60.000 

-5.000 

0.000 

17 

1 

0 

0 

0 

0 

0 

100.000 

-5.000 

0.000 


Computer Printout for Second Run 


N\ 


T 

0 0.000 

2 0.000 

2 0.000 

2 0.000 

2 0.000 


O 


OO 


2 

0 

0 

0 

0 

0 

0 

0.000 

0.000 

0.000 

0 

0.000 

6 

0 

0 

0 

0 

0 

0 

10.000 

0.000 

0,000 

2 

0.000 

10 

0 

0 

0 

0 

0 

0 

30.000 

0.000 

0.000 

2 

0.000 

14 

0 

0 

0 

0 

0 

0 

60.000 

0.000 

0.000 

2 

0.000 

18 

1 

0 

0 

0 

0 

0 

100.000 

0.000 

0.000 

2 

0.000 


GENERATED NODAL 
NODE BOUNDARY 

DATA 

CONDITION 

CODES 

/— 

NODAL PCINT 

COORDINATES — 

/ 


NUHBEB 

X 

T 

Z 

XX 

YY 

ZZ 

X 

T 

z 

T 

1 

0 

-1 

-1 

-1 

-1 

- 1 

0.000 

- 5.000 

0.000 

0.000 

2 

0 

-1 

- 1 

-1 

-1 

-1 

0.000 

0.000 

0.000 

0.000 

3 

0 

-1 

-1 

-1 

-1 

-1 

5.000 

- 5.000 

0.000 

o.oco 

4 

0 

-1 

- 1 

- 1 

-1 

-1 

5.000 

0.000 

0.000 

0.000 

5 

0 

-1 

-1 

-1 

-1 

-1 

10.000 

- 5.000 

0.000 

0.000 

6 

0 

-1 

-1 

-1 

-1 

-1 

10.000 

0.000 

0.000 

0.000 

7 

0 

-1 

-1 

-1 

-1 

-1 

20.000 

- 5.000 

0.000 

0.000 

8 

0 

-1 

- 1 

- 1 

-1 

-1 

20.000 

0.000 

0.000 

0.000 

9 

0 

-1 

-1 

-1 

-1 

-1 

30.000 

- 5.000 

0.000 

0.000 

10 

0 

-1 

-1 

-1 

-1 

-1 

30.000 

0.000 

0.000 

0.000 

11 

0 

-1 

-1 

-1 

-1 

-1 

45.000 

- 5.000 

0.000 

0.000 

12 

0 

-1 

-1 

- 1 

-1 

-1 

45.000 

0.000 

0.000 

0.000 

13 

0 

-1 

-1 

-1 

-1 

-1 

60.000 

- 5.000 

0.000 

0.000 

14 

0 

-1 

- 1 

-1 

-1 

-1 

60.000 

0.000 

0.000 

0.000 

15 

0 

-1 

-1 

-1 

-1 

-1 

80.000 

- 5.000 

0.000 

o.coo 

16 

0 

-1 

- 1 

- 1 

-1 

-1 

80.000 

0.000 

0.000 

0.000 

17 

1 

-1 

-1 

-1 

-1 

-1 

100.000 

- 5.000 

0.000 

0.000 

10 

1 

-1 

- 1 

-1 

-1 

-1 

100.000 

0.000 

0.000 

0.000 


EQUATION NUMBERS 
N X Y 

z 

XX 

YY 

ZZ 

1 

1 

0 

0 

0 

0 

0 

2 

2 

0 
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0 

0 

0 

3 

3 

0 

0 

0 

0 

0 

4 

4 

0 

0 

0 

0 

0 

5 

5 

0 

0 

0 

0 

0 

6 

6 

0 

0 

0 

0 

0 

7 

7 

0 

0 

0 

0 

0 

8 

8 

0 

0 

0 

0 

0 

9 

9 

0 

0 

0 

0 

0 

10 

10 

0 

0 

0 

0 

0 

11 

11 

0 

0 

0 

0 

0 

12 

12 

0 

0 

0 

0 

0 

13 

13 

0 

0 

0 

0 

0 

14 

14 

0 

0 

0 

0 

0 

15 

15 

0 

0 

0 

0 

0 

16 

16 

0 

0 

0 

0 

0 

17 

0 

0 

0 

0 

0 

0 

18 

0 

0 

0 

0 

0 

0 
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RUBBER OP TRUSS ELEBENTS 


= 

16 

COHSTROCTIOR CODE 


s 

1 

ROBBER OF BATERIALS 
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RUBBER Or TEMPS FOR WHICH HATL 

PROPS 

GIVEN 55 

1 

ROBBER OF DIFFERERT GEOMETRIES 

PROPS 

GIVEN* 
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MATERIAL 

PROPERTY 

CARDS 






MATERIAL 

ROBBER 

SPECI FIC 


YOOHGS 

COBFFT OF /- 

•ALLOWABLE 

STRESSES--/ 

ROBBER 

OF TEMPS 

WEIGHT 

TEHP 

MODULUS 

THEPB EXPAR 

TERSIOM 

COMPRESSION 


1 1 O.IOOOE 00 0.0000E 00 O.IOOOE 08 O.OOOOE 00 0.2000E 05 0.20008 05 


GEOMETRIC PROPERTY CARDS 

GEOMETRY X-SECT /— MOMENTS OP INERTIA--/ 
ROBBER AREA YT 1Z 

1 O.IOOOD 01 O.IOOOE 07 0. 1000E 07 


ELEMENT LOAD BOLTI PLIERS 
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D 

X-DIR 

O.OOOOOOD 

00 

O.OOOOOOD 

00 

O.OOOOOOD 

00 

O.OOOOOOD 

00 

Y-DIR 

O.OOOOOOD 

00 

O.OOOOOOD 

00 
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00 

Z-DIR 
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O.OOOOOOD 

00 
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00 

O.OOOOOOD 

00 

TEMP 

O.OOOOOOD 

00 

O.OOOOOOD 

00 

O.OOOOOOD 

00 

O.OOOOOOD 

00 


PROCESSED 

ELEMENT DATA 













ELEMENT / 

-RODE 

HOS-/ 

/--ELEMENT ID 

NOS-/ 

DESIGN VAR 

REFERENCE 

END FIXITY 

COEFFICIENTS 

BAND 

NUMBER 

I 

J 

MATL 

GEOMY 

D VAR 

FRACTION 

TEMP 


IT 


ZZ 


WIDTH 

1 

1 

3 

1 

1 

1 

0.1000E 

01 

O.OOOOD 

00 

0.1000D 

01 

O.IOOOD 

01 

3 

2 

3 

5 

1 

1 

2 

C.1000E 

01 

O.OOOOD 

00 

0.1000D 

01 

O.IOOOD 

01 

3 

3 

5 

7 

1 

1 

3 

0.1000E 

01 

O.OOOOD 

00 

0.1000D 

01 

O.IOOOD 

01 

3 

4 

7 

9 

1 

1 

4 

0.1000E 

01 

O.OOOOD 

00 

0. 1000D 

01 

O.IOOOD 

01 

3 

5 

9 

11 

1 

1 

5 

0.1000E 

01 

O.OOOOD 

00 

0.1000D 

01 

0. 1000D 

01 

3 

6 

11 

13 

1 

1 

6 

0.1000E 

01 

O.OOOOD 

00 

0. 1000D 

01 

O.IOOOD 

01 

3 

7 

13 

15 

1 

1 

7 

O.IOGOE 

01 

O.OOOOD 

00 

0.1000D 

01 

O.IOOOD 

01 

3 

8 

15 

17 

1 

1 

8 

O.IOOOE 

01 

O.OOOOD 

00 

0.1000D 

01 

0. 1000D 

01 

1 

9 

2 

4 

1 

1 

9 

0.1000E 

01 

O.OOOOD 

00 

0.1000D 

01 

O.IOOOD 

01 

3 

10 

4 

6 

1 

1 

10 

O.IOOOE 

01 

O.OOOOD 

00 

O.IOOOD 

01 

O.IOOOD 

01 

3 

11 

6 

8 

1 

1 

11 

O.IOOOE 

01 

O.OOOOD 

00 

0.1000D 

01 

O.IOOOD 

01 

3 

12 

8 

10 

1 

1 

12 

O.IOOOE 

01 

O.OOOOD 

00 

O.IOOOD 

01 

O.IOOOD 

01 

3 

13 

10 

12 

1 

1 

13 

O.IOOOE 

01 

O.OOOOD 

00 

O.IOOOD 

01 

O.IOOOD 

01 

3 

14 

12 

14 

1 

1 

14 

O.IOOOE 

01 

O.OOOOD 

00 

O.IOOOD 

01 

O.IOOOD 

01 

3 

15 

14 

16 

1 

1 

15 

0. 1000E 

01 

O.OOOOD 

00 

O.IOOOD 

01 

O.IOOOD 

01 

3 

16 

16 

18 

1 

1 

16 

O.IOOOE 

01 

O.OOOOD 

00 

O.IOOOD 

01 

O.IOOOD 

01 

1 


OI-I'O 


NUMBER OP SHEAR PANEL ELEMENTS = 8 
CONSTRUCTION CODE = 1 
NUMBER OF MATERIALS = 1 
NUMBER OF TEMPS FOR WHICH HATL PROPS GIVEN- 1 


MATERIAL PROPERTY CARDS 


MATERIAL 

NUMBER 

SPECIFIC 


YOUNGS 

POISSN 

NUMBER 

OF TEMPS 

WEIGHT 

TEMP 

MODULUS 

RATIO 


ALLOWABLE 

SHEAR 


1 


0.1000E 00 


0.0000E 00 


0.1000E 08 0.3000E CO 0.B000E 0*1 


ELEMENT LOAD MULTIPLIERS 




A 


B 


C 


D 

X-DIR 

O.OOOOOOD 

00 

0. OOOOOOD 

00 

O.OOOOOOD 

00 

O.OOOOOOD 

00 

Y-DIR 

0 . OOOOOOD 

00 

O.OOOOOOD 

00 

O.OOOOOOD 

CO 

O.OOOOOOD 

00 

Z-DIR 

O.OOOOOOD 

00 

O.OOOOOOD 

00 

O.OOOOOOD 

00 

O.OOOOOOD 

00 


PROCESSED ELEMENT DATA 


ELEMENT /- 

----- 

—NODE 

NOS - • 

//- 

-EL ID 

NOS-/ 

BOUND 

DES VAR /- 

■-EFFECT PAN 

EL DIHNS--/ 

BAND 

NUMBER 

I 

J 

K 

L 

HATL 

D VAR 

CODE 

FRACTION 

LONGER 

SHORTER 

WIDTH 

1 

1 

3 

4 

2 

1 

17 

1 

0.1000E 01 

0.5000D 01 

0.5000D 01 

4 

2 

3 

5 

6 

4 

1 

17 

1 

0.1000E 01 

0.5000D 01 

0. 50 00D 01 

4 

3 

5 

7 

8 

6 

1 

18 

1 

0.1000E 01 

0.1000D 02 

0.5000D 01 

4 

4 

7 

9 

10 

8 

1 

19 

1 

0. 1000E 01 

0.1000D 02 

0.5000D 01 

4 

5 

9 

11 

12 

10 

1 

20 

1 

0.10C0E 01 

0.1500D 02 

0.5000D 01 

4 

6 

11 

13 

14 

12 

1 

21 

1 

0.1000E 01 

0.1500D 02 

0.5000D 01 

4 

7 

13 

15 

16 

14 

1 

22 

1 

0.1000E 01 

0.2000D 02 

0.5000D 01 

4 

8 

15 

17 

18 

16 

1 

23 

1 

0. 1000E 01 

0.2000D 02 

0.5000D 01 

2 


STRUCTURE 
LOAD CASE 

1 


STRUCTURE LOAD MULTIPLIERS 
A B C D 

0.000 0.000 0.000 0.000 


NODAL DTSPLACEHENT/ROT ATICN CONSTRAINTS 


NODE 

NO. 

LOAD/ 

CASE DX 

DY 

DZ 

RX 

X. ALLOWABLE 
RY 

DISPLACE 

RZ 

HENTS AND 
-DX 

ROTATIONS-’ 

-DY 

-DZ 

-RX 

-RY 

/ 

-RZ 

1 

1 0.00000 

0.00000 

0.00000 

0.00000 

0.00000 

0.00000 

-0.05000 

0.00000 

0.00000 

0.00000 

0.00000 

0.00000 

2 

1 0.00000 

0.00000 

0.00000 

0.00000 

0.00000 

0.00000 

-0.05000 

0.00000 

0.00000 

0.00000 

0.00000 

0.00000 


NODAL POINT LOADS 





NODE LOAD 

NO. CASE RX 

1 1 -0.100E 05 

APPLIED LOADS 
R Y RZ 

0.000E 00 O.OOOE 00 

MX 

O.OOOE 00 

MY 

O.OOOE 00 

MZ 

O.OOOE 00 


TOTAL NUMBER OF EQUATIONS = 16 



0.1.11 



BANDWIDTH - *» 
NOfIBER OF EQUATIONS IN A BLOCK = 16 
NUMBER OF BLOCKS * 1 



.12 


ANALYSIS OP DESIGN NUMBER 0 

************+****+*** **+*+«*** 


NODAL DISPLACEMENTS AND ROTATIONS 


NODE LOAD 

X 

Y 

Z 

XX 

YY 

18 

1 

0. Q00E-01 

0* OOOE-OI 

0. OOOE-OI 

O.OOOOE-OI 

O.OOOOE-OI 

17 

1 

O.OOOB-OI 

0. OOOE-OI 

0. OOOE-OI 

O.OOOOE-OI 

O.OOOOE-OI 

16 

1 

-1.000E-02 

0. OOOE-OI 

0. OOOE-OI 

O.OOOOE-OI 

O.OOOOE- 01 

15 

1 

-1.000E-02 

0. OOOE-OI 

C. OOOE-OI 

O.OOOOE-OI 

O.OOOOE-OI 

14 

1 

-2.000E-02 

0. OOOE-OI 

0. OOOE-OI 

O.OOOOE-OI 

O.OOOOE-O 1 

13 

1 

-2.000E-02 

0. OOOE-OI 

C. OOOE-OI 

O.OOOOE-OI 

O.OOOOE-OI 

12 

1 

-2.750E-02 

0. OOOE-OI 

0. OOOE-OI 

O.OOOOE-OI 

O.OOOOE-OI 

11 

1 

-2.750E-02 

0. OOOE-OI 

0* OOOE-OI 

O.OOOOE-OI 

O.OOOOE-OI 

10 

1 

-3.494B-02 

0. OOOE-OI 

O.OOOB-OI 

O.OOOOE-OI 

O.OOOOE-OI 

9 

1 

-3. 506E-02 

0. OOOE-OI 

0. OOOE-OI 

O.OOOOE-OI 

O.OOOOE-OI 

8 

1 

-3.974E-02 

0. OOOE-OI 

0. OOOE-OI 

O.OOOOE-OI 

O.OOOOE-OI 

7 

1 

-4.026E-02 

0 . 000B-01 

0. OOOE-OI 

O.OOOOE-OI 

O.OOOOE-OI 

6 

1 

-4.388E-02 

0 • OOOE-OI 

0. OOOE-OI 

O.OOOOE-OI 

O.OOOOE-OI 

5 

1 

-4.612E-02 

0. OOOE-OI 

0. OOOE-OI 

O.OOOOE-OI 

O.OOOOE-OI 

4 

1 

-4. 538E-02 

0. OOOE-OI 

0. OOOE-OI 

O.OOOOE-OI 

O.OOOOE-OI 

3 

1 

-4.962E-02 

0. OOOE-OI 

O.OOOB-OI 

. O.OOOOE-OI 

O.OOOOE- 01 

2 

1 

-4.597E-02 

0. OOOE-OI 

0. OOOE-OI 

O.OOOOE-OI 

O.OOOOE-OI 

1 

1 

-5. 403E- 02 

0. OOOE-OI 

0. OOOE-OI 

O.OOOOE-OI 

O.OOOOE-OI 

VALUES 

OP 

DESIGN VARIABLES 






1 

2 

3 

4 

5 

0 

0. 

1000E 01 0. 

1000 E 01 0. 

1000 E 01 0. 

1000E 01 0. 

1000B 01 0. 

10 

0. 

1000E 01 0. 

1000E 01 0. 

1000E 01 0. 

1000E 01 0. 

1000B 01 0. 

20 

0 . 

1000E 00 0, 

1000E 00 0. 

1000E 00 




ANALYSIS OP TRUSS ELEMENTS, CONSTRN CODE* 1 


zz 

O.OOOOE-OI 
O.OOOOE-OI 
0. 0000E-01 
0. 0000E-01 
0. QOOOE-OI 
0. 0000E-01 
O.OOOOE-OI 
O.OOOOE-OI 
O.OOOOE-OI 
O.OOOOE-OI 
O.OOOOE-OI 
0. OOOOE-0 1 
O.OOOOE-OI 
0.0C00E-01 
O.OOOOE-OI 
0.Q000E-01 
O.OOOOE-OI 
0. 0000E-01 

6 7 8 9 10 

1000E 01 0.1000E 01 0. 1000E 01 0. 1000E 01 0. 1000E 01 
1000E 01 0.1000E 00 0.1000E 00 0.1000E 00 0.1000E 00 



ELEMENT X-SECT AREA LOAD COND AXIAL FORCE 


0.1.13 


1 

0.10C0E 

01 

1 0.8817E 

04 

2 

O.IOOOE 

01 

1 0.7010E 

04 

3 

0.1000E 

01 

1 0.5856E 

04 

4 

0.1000B 

01 

1 0. 5201 E 

04 

5 

0. 1000E 

01 

1 0.5040E 

04 

6 

0.1000E 

01 

1 0.50C2E 

04 

7 

0.1000E 

01 

1 0.5000E 

04 

8 

O.IOOOE 

01 

1 0. 5000E 

04 

9 

O.IOOOE 

01 

1 0.1183E 

04 

10 

0.1000E 

01 

1 0. 2990E 

04 

11 

0. 1000E 

01 

1 0.4144E 

04 

12 

0.1000E 

01 

1 0.4799E 

C4 

13 

O.IOOOE 

01 

1 0.4961E 

04 

14 

0.1000E 

01 

1 0.4999E 

04 

15 

0. 1000B 

01 

1 0.5000E 

04 

16 

O.IOOOE 

01 

1 0.5000E 

04 

ANALYSIS 

OP SHEAR 

PANELS, COMSTBN CODE* 1 






LOAD 

/ 

SHEAR PLC 

IN AT NODES — 

/ 

AVERAGE 

ELERBNT 

THICKNESS 

COND 

I 

J 

K 

L 

SHEAR FLOW 

1 

O.IOOOE 

00 

1 

0.4734E 03 

0.4734E 03 

0.4734E 03 

0.4734E 03 

0.4734E 03 

2 

0. 1000E 

00 

1 

0.2493E 03 

0.2493E 03 

0.2493E 03 

0.2493E 03 

0.2493E 03 

3 

O.IOOOE 

00 

1 

0. 1062E 03 

0. 1062E 03 

0. 1062E 03 

0.1062E 03 

0.1062E 03 

4 

O.IOOOE 

00 

1 

0.2489E 02 

0.2489E 02 

0.2489B 02 

0.2489E Q2 

0.2489E 02 

5 

O.IOOOE 

00 

1 

0.4697E 01 

0.4897E 01 

0.4897E 01 

0.4897E 01 

0.4897E 01 

6 

O.IOOOE 

00 

1 

0.1767E 00 

0. 1767E 00 

0.1767E 00 

0.1767E 00 

0.1767E 00 

7 

O.IOOOE 

00 

1 

0.5175E-02 

0. 5175E-02 

0.5175E-02 

0.5175E-02 

0.51 75E-02 

8 

O.IOOOE 

00 

1 

-0.7823E-03 

-0. 7823E-03 

-0.7823E-03 

-0.7823E-03 -0.7823E-03 


**+************************+*** 

EVALUATION OF DESIGN NttHBER 0 

I****************************** 



STRESS RATIO 

LOAD COND 

DES 

VARIABI 

RAX 

0.5917E 00 

1 


17 

(IT* 

O.IOOOE QO 

0 


21 


BAX DISP RATIOS 

LOAD COND 

EQK 

NORBER 


-0.9194E 00 

1 

2 



-0.1081E 01 

1 

1 



UNIFORM SCALING OPERATION FOLLOWS 


SCALE FACTOR IS 1.081AND DETERRINED BY DISFLACERENT CONSTRAINTS 


DESIGN VARIABLES OF SCALED (CRITICAL) DESIGN ARE 


VALUES OF DESIGN VARIABLES 


1 


2 3 4 5 6 


7 8 9 10 


0.1.14 



0 

0.1081E 

01 

0. 1081E 

01 

0. 1C81 E 

01 

0. 1081E 

01 

0. 108 IE 

01 

0. 1081E 

01 

0. 1C81E 

01 

0. 108 IE 

01 

0.1081E 

Cl 

0.1C81E 

01 

10 

0. 1O01E 

01 

0.1081E 

01 

0. 1081E 

01 

0. 1C81E 

01 

0. 108 IE 

01 

0. 1081E 

01 

0. 1081E 

00 

0. 1081 E 

00 

0. 108 1 E 

00 

0. 1081E 

00 

20 

0. 1081 E 

00 

0. 1081E 

00 

0. 1081E 

00 
















STRUCTURAL WEIGHT- 0. 2702E 02 
REDESIGN OPERATION FOLLOWS 

OPTIMALITY INDEX OF DESIGN VARIABLES FOR DISPT. CONSTRAINTS 
DV NO ACT/PAS INDEX 


1 

ACT 

-0 . 2553 1 E 01 

2 

ACT 

-0.16140E 01 

3 

ACT 

-0. 11263E 01 

4 

ACT 

-0.88839E 00 

5 

ACT 

-0.83420E 00 

6 

ACT 

-0.82166E 00 

7 

ACT 

-0.82121E 00 

8 

ACT 

-0.82120E 00 

9 

ACT 

-0. 46002 E-0 1 

10 

ACT 

-0. 29367E 00 

11 

ACT 

-0.56410E 00 

12 

ACT 

-0.75659E OO 

13 

ACT 

-0. 80 826 E 00 

iu 

ACT 

-0.82072E 00 

15 

ACT 

-0. 821 18 E 00 

16 

ACT 

-0.82120E 00 

17 

ACT 

-0. 12222 E 01 

18 

ACT 

-0.96234B-01 

19 

ACT 

-0.52886E-02 

20 

ACT 

-0.20469E-03 

21 

ACT 

*0. 26384E-06 

22 

ACT 

-0. 19791E-09 

23 

ACT 

-0. 560 1 1E-1 1 


NO. OF ACTIVE DISPLACEMENT CONSTRAINTS ARE 


1 


****************************** 
ANALYSIS OF DESIGN NUMBER 1 
****************************** 


NODAL DISPLACEMENTS AND ROTATIONS 


NODE 

LOAD 

X 

Y 

Z 

XX 

YY 

7Z 

18 

1 

0.000B-01 

O.OOOE-OI 

0. OOGE-O 1 

O.OOOOE-OI 

0. OOOOE-OI 

0. OOOOE-OI 

17 

1 

0.000E-G1 

0. 000E-01 . 

0.0008-01 

0.0000B-01 

0. OOOOE-OI 

0. OOOOE-OI 

16 

1 

-1 . 057E-02 

0. QOOE-0 1 

0. OOOE-OI 

O.OOOOE-OI 

0. OOOOE-OI 

0.00C0E-01 

15 

1 

-1.059B-02 

O.OOOE-OI 

o.ocoe-oi 

O.OOOOE-OI 

C. 0000E-01 

O.OOOOE-OI 

14 

1 

-2.109B-02 

0. 000E-01 

O.OOOE-OI 

O.OOOOE-OI 

0. OOOOE-OI 

0. OOOOE-OI 

13 

1 

-2. 123E-02 

O.OOOE-OI 

0,0008-01 

0 .00008-0 1 

0. OOOOE-OI 

0. OOOOE-OI 

12 

1 

-2.0858-02 

0.000E-D1 

0 • 000F-01 

O.OOOOE-OI 

0. OOOOE-OI 

0. OOOOE-OI 

11 

1 

-2 . 932E-02 

0. 000E-01 

O.OOOE-OI 

0.0000E-Q1 

0. OOOOE-OI 

0.00G0E-01 

10 

1 

-3.634E-02 

O.OOOE-OI 

O.OCOE-O 1 

0 . G000E-01 

0. OOOOE-OI 

0. OOOOE-OI 

9 

1 

-3.770E-02 

0. 0008-01 

0.000B-01 

O.OOOOE-OI 

0. OOOOE-OI 

0. OOOOE-OI 

8 

1 

-4.109E-02 

0. 000E-01 

O.OOOE-OI 

O.OOOOE-OI 

0. OOOOE-OI 

0. OOOOE-OI 

7 

1 

-4.346E- 02 

O.OOOE-OI 

O.OOOE-OI 

O.OOOOE-OI 

0. OOOOE-OI 

0. OOOOE-OI 

6 

1 

-4.590E-02 

0. 000E-01 

O.OOOE-OI 

O.OOOOE-OI 

0. OOOOE-OI 

0. OOOOE-OI 

5 

1 

-4 • 889B-02 

0. 000E-01 

O.OOOE-OI 

0 • ooooe-oi 

0. OOOOE-OI 

0. OOOOE-OI 

4 

1 

-4,8158-02 

0. 0008-01 

O.OOOE-OI 

O.OOOOE-OI 

0. OOOOE-OI 

0. OOOOE-OI 

3 

1 

-5 . 133E-02 

O.OOOE-OI 

O.OOOE-OI 

0 . OOOOE-OI 

0. OOOOE-OI 

0. OOOOE-OI 

2 

1 

-4.935E-02 

0, 000E-01 

0. 0008-01 

O.OOOOE-OI 

0. OOOOE-OI 

0. OOOOE-OI 

1 

1 

-5,3368-02 

O.OOOE-OI 

O.OOOE-OI 

0. OOOOE-OI 

0. OOOOE-OI 

0. OOOOE-OI 


VALUES OF DESIGN VARIABLES 



1 

2 

3 

4 


5 


6 


7 


8 

9 

10 

0 

0.2256E 01 

0. 1545 E 01 

0.1176B 01 

0.9962E 

00 

0.9552E 

00 

0.9457E 

00 

0.9454E 

00 

0.9454E 00 

0.3590E 00 

0.5463E 00 

10 

20 

0.7509E 00 
0.32428-01 

0.8965E 00 
0.32428-01 

0.9356E 00 
0. 3242E-01 

0.9450E 

00 

0.9454E 

00 

0.9454E 

00 

0.1249E 

po 

0. 3970E-01 

0. 3282E-01 

0. 3243E-0 1 


ANALYSIS OF TRUSS ELEMENTS, CONSTRN CODE- 1 


ELEMENT X-SECT AREA LOAD COND AXIAL FORCE 


0.1.16 



1 

0.2256E 

01 

1 

0.9138E 04 

2 

0. 1545E 

01 

1 

0.7536E 04 

3 

0. 1176E 

Cl 

1 

0.6386E 04 

4 

0.9962E 

00 

1 

0. 574 1 E 04 

5 

0.9552E 

00 

1 

0.5334E 04 

6 

0.9457E 

00 

1 

0.5105E 04 

7 

0.9454E 

00 

1 

0.502BE 04 

8 

0.9454E 

00 

1 

0.5005E 04 

9 

0.3590E 

00 

1 

0. 86 16 E 03 

10 

0.5463E 

00 

1 

0.2464E 04 

11 

0.7509E 

00 

1 

0.3614E 04 

12 

0.8965E 

00 

1 

0. 4 259 E G4 

13 

0.9356E 

00 

1 

0.4667E 04 

14 

0.9450E 

00 

1 

0. 4895E 04 

15 

0. 9454E 

00 

1 

0.4972E 04 

16 

0.9454E 

00 

1 

0. 4995E 04 

ANALYSIS 

OF SHEAR 

PANELS, 

CONST RN 

CODE= 1 


LOAD / SHEAF FLOW AT NODES / AVERAGE 


ELEMENT 

THICKNESS 

COND 

I 


J 


K 


L 


SHEAF FLOW 

1 

0. 1249E 00 

1 

0. 3447E 

03 

0. 3447E 

03 

0.3447E 

03 

0.3447E 

03 

0.3447E 

03 

2 

0. 1249E 00 

1 

0.2962E 

03 

0.2962E 

03 

0.2962E 

03 

0.2962E 

03 

0.2962E 

03 

3 

0 . 3970E- 0 1 

1 

0. 8192E 

02 

0. 8192E 

02 

0.8192E 

02 

0.8192E 

02 

0.8192E 

02 

4 

0 . 3202E- 01 

1 

0.4717E 

02 

0. 4717E 

02 

0.4717E 

02 

0.4717E 

02 

0.4717E 

02 

5 

0 • 324 3E- 0 1 

1 

0. 2284E 

02 

0. 2284E 

02 

0.2284E 

02 

0.2284E 

02 

0.2284E 

02 

6 

0.3242E-01 

1 

0.7594E 

01 

0.7594E 

01 

0.7594E 

01 

0.7594E 

01 

0.7594E 

01 

7 

0.3242E-01 

1 

0. 2023E 

01 

0.2023E 

01 

0.2023E 

01 

0.2023E 

01 

0.2023E 

01 

8 

0. 3242E- 01 

1 

0. 27 1 9 E 

00 

0.2719E 

00 

0.2719E 

00 

0.2719E 

00 

0.2719E 

OC 


******************************* 
EVALUATION OF DESIGN NUHRER 1 
******************************* 



STRESS RATIO 

LOAD COND 

DES 

VARIABLE 

MAX 

0.8347E 00 

1 


19 

MIN 

0.2026B 00 

1 


1 


MAX DISP RATIOS 

LOAD COND 

EQN 

NUMBER 


-0. 9871 E 00 

1 

2 



-0. 1067 E 01 

1 

1 



UNIFORM SCALING OPERATION FOLLOWS 

SCALE FACTOR IS 1.067AND DETERMINED BY DISPLACEMENT CONSTRAINTS 
DESIGN VARIABLES OF SCALED (CRITICAL) DESIGN ARE 
VALUES OF DESIGN VARIABLES 

123456789 10 


O.X.17 


0 

0.2407E 01 

0.1649E 

01 
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OPTIMALITY INDEX OP DESIGH VARIABLES POR DISPI. CONSTRAINTS 
DV NO ACT/PAS INDEX 


1 

ACT 

-0.60437E 00 

2 

ACT 

-0. 87594E 00 

3 

ACT 

-0. 10854E 01 

4 

ACT 

-0.12226B 01 

5 

ACT 

-0.11479E 01 

6 

ACT 

-0. 10730B 01 

7 

ACT 

-0* 104 15 E 01 

8 

ACT 

-0. 10320E 01 

9 

ACT 

-0.21210E 00 

10 

ACT 

-0.74871E 00 

11 

ACT 

-0.85274E 00 

12 

ACT 

-0.83105B 00 

13 

ACT 

-0. 91594E 00 

14 

ACT 

-0.98775E 00 

15 

ACT 

-0. 10184E 01 

16 

ACT 

-0. 10278E 01 

17 

ACT 

-0. 6 3386 E 00 

18 

PASS 

-0.40766E 00 

19 

PASS 

-0. 19774 E 00 

20 

PASS 

-0.47487E-01 

21 

PASS 

-0. 52532E-02 

22 

ACT 

•0. 37277E-03 

23 

ACT 

-0.67353E-05 


NO. OP ACTIVE DISPLACEMENT CONSTRAINTS ARE 1 
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******* +********** ************ 
ANALYSIS OF DESIGN NUMBER 2 

******************************* 


NODAL DISPLACEMENTS AND ROTATIONS 


NODE 

LOAD 

X 

Y 

2 

XX 

YY 

ZZ 

18 

1 

0. OOOE-OI 

0. OOOE-OI 

O.OOOE-OI 

O.OOOOE-OI 

0. OOOOE-OI 

C. OOOOE-OI 

17 

1 

0. OOOE-OI 

0. OOOE-OI 

0. OOOE-OI 

0. OOOOE-OI 

0. OOOOE-OI 

O.OOOOE-OI 

16 

1 

-9.511E-03 

0. OOOE-OI 

0. OOOE-OI 

O.OOOOE-OI 

O.OOOOE-C1 

O.OOOOE-OI 

15 

1 

-9 . 907E-03 

O.OOOE-OI 

0.000E-C1 

O.OOOOE-OI 

O.OOOOE-OI 

0. OOOOE-OI 

14 

1 

-1 . 895E-02 

0.000E-01 

0. OOOE-OI 

0 . OCOCE-OI 

0. OOOOE-OI 

O.OOOOE-OI 

13 

1 

-1 .988E-02 

0. OOOE-OI 

O.OOOE-CI 

O.OOOOE-OI 

0. OOOOE-OI 

0. OOOOE-OI 

12 

1 

-2.594E-02 

0. OOOE-OI 

O.OOOE-CI 

O.OOOOE-OI 

0. OOOOE-OI 

O.OOOOE-OI 

11 

1 

-2.743E-02 

0 . OOOE-O 1 

C. OOOE-OI 

O.OOOOE-OI 

0. OOOOE-OI, 

O.OOOOE-OI 

10 

1 

-3 . 284E-02 

0. OOOE-OI 

0. OOOE-OI 

O.OOOOE-OI 

0. OOOOE-OI 

O.OOOOE-OI 

9 

1 

-3 . 50 IE-02 

0 . OOOE-O 1 

0. OOOE-OI 

O.OOOOE-OI 

O.OOOOE-OI 

0. OOOOE-OI 

8 

1 

-3.738E-02 

0 . OOOE-O 1 

0. OOOE-OI 

0 . OOOOE-OI 

0. OOOOE-OI 

0. OOOOE-OI 

7 

1 

-4.003E-02 

O.OOOE-OI 

O.OOOE-CI 

O.OOOOE-OI 

0. OOOOE-OI 

O.OOOOE-OI 

6 

1 

-4. 183E-02 

O.OOOE-OI 

0. OOOE-OI 

0. OOOOE-OI 

0. OOOOE-OI 

0. OOOOE-OI 

5 

1 

-4.514E-02 

0. OOOE-OI 

O.OOOE-OI 

O.OOOOE-OI 

0. OOOOE-OI 

O.OOOOE-OI 

4 

1 

-4 . 408E-02 

0 • OOOE-O 1 

0. OOOE-OI 

0. OOOOE-OI 

0. OOOOE-OI 

0. OOOOE-OI 

3 

1 

-4.775E-02 

0. OOOE-OI 

0. OOOE-OI 

O.OOOOE-OI 

0. OOOOE-OI 

0. OOOOE-OI 

2 

1 

-4 » 625E-02 

0. OOOE-OI 

0. OOOE-OI 

0. OOOOE-OI 

0. OOOOE-OI 

0. OOOOE-OI 

1 

1 

-5.040E-02 

0. OOOE-OI 

O.OOOE-CI 

0. OOOOE-OI 

0. OOOOE-OI 

O.OOOOE-OI 


VALUES OF DESIGN VARIABLES 


1 

2 

3 

4 

5 


6 

7 

8 

9 

10 

0. 1740E 01 
0 .71 87 E 00 
0. 1536 E- 01 

0.1506E 01 
0.8435E 00 
0. 1039E-01 

0. 1330E 01 
0.9396E 00 
0. 10 38E-01 

0.1229E 01 
0.9998E 00 
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0. 1022E 

01 

01 

0.1061E Cl 
0. 1028E 01 

0.1038E 01 
0.99 10E-01 

0. 10 31 E 01 
0. 3293E- 01 

0.1718E 00 
0. 2739E-01 

0.4805E 00 
0.2218E-01 


ANALYSIS OF TRUSS ELEMENTS, CONST RN CODE= 1 
ELEMENT X-SECT AREA LOAD COND AXIAL FORCE 


0.1.19 



1 

0.1740E 

01 

1 

0. 9254E 

C4 

2 

0.1506E 

01 

1 

0.7843E 

04 

3 

0.1330E 

01 

1 

0.6R00E 

04 

4 

0.1229E 

01 

1 

0.6169E 

04 

5 

0.1125E 

01 

1 

0.5681E 

04 

6 

0.1061E 

01 

1 

0.5339E 

04 

7 

0.1038E 

01 

1 

0.5178E 

C4 

8 

0.1031E 

01 

1 

0.5109E 

04 

9 

0.1718E 

00 

1 

0. 7459E 

C3 

10 

0.4805E 

00 

1 

0.2157E 

C4 

11 

0.7187E 

00 

1 

0.32C0E 

04 

12 

0.8435E 

00 

1 

0. 383 IE 

C4 

13 

0 .9396 E 

00 

1 

0.4319E 

04 

14 

0.9998E 

00 

1 

0. 466 IE 

04 

15 

0.1022E 

01 

1 

0.4822E 

04 

16 

0.1028E 

01 

1 

0.4891E 

04 

ANALYSIS 

or SHEAR 

PANELS, 

CONSTBN 

CODE = 1 





LOAD 

/ 

— 

- — SHEAR 

FLOi 

1 AT NODI 

5S — 


“/ 

AVERAt 

;e 

ELEMENT 

THICKNESS 

COND 

I 


J 


K 


L 

SHEAR FLOW 

1 

0,991 OE-OI 

1 

0.2984E 

03 

0.2984E 

03 

0.2984E 

03 

0.2984E 

03 

0.29 84E 

03 

2 

0» 99 10E-01 

1 

0. 2661 E 

03 

0. 2661E 

03 

0. 266 IE 

03 

0.2661E 

C3 

0.2661E 

03 

3 

0.3293E-01 

1 

0.7548E 

02 

0.75U8E 

02 

0. 7548 E 

02 

0.7548E 

02 

0.7548E 

02 

4 

0* 2739E-01 

1 

0.5C79E 

02 

0.5079E 

02 

0.5079E 

02 

0.5079E 

02 

0.5079E 

02 

5 

0.22 1 8E-01 

1 

0.3124E 

02 

0.3124E 

02 

0.3124E 

02 

0.3124E 

02 

0.3124E 

02 

6 

0. 1536E-01 

1 

0. 1433E 

02 

0.1433E 

02 

0. 1433E 

02 

0. 1433E 

02 

0. 1433E 

02 

7 

0.1 039E-01 

1 

0.5316E 

01 

0.5316E 

01 

0.5316E 

01 

0.5316E 

01 

0.5316E 

01 

8 

0. 1038E-0 1 

1 

0. 1581E 

01 

0.1581E 

01 

0. 158 IE 

01 

0. 1 581 E 

01 

0. 15 8 IE 

01 


EVALUATION OF DESIGN NUMBER 2 

******************************* 



STRESS RATIO 

LOAD COND 

DBS 

VARIABLE 

HAY 

0.1328E 01 

1 


22 

BIN 

0.2226E 00 

1 


11 


MAX DISP RATIOS 

LOAD COND 

EQN 

NUMBER 


-0.9249E 00 

1 

2 



-0.1008E 01 

1 

1 



UNIFORM SCALING OPERATION FOLLOWS 

SCALE FACTOR IS 1.328AND DETERMINED BY STRESS CONSTRAINTS 
DESIGN VARIABLES OP SCALED (CRITICAL) DESIGN ARE 
VALUES OF DESIGN VARIABLES 
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0 0.2311E 01 
10 0.9546E 00 
20 0.2040E-01 


0. 2000 E 01 
0.1120E 01 
0. 1380E-01 


0. 1767E 01 
0.124BE 01 
0. 1378E-01 


0.1632E 01 
0.1328E 01 


0.1494E 01 
0.1357E 01 


0.1409E 01 
0.1366E 01 


0.1379E 01 
0. 1316E 00 


0.1370E 01 
0. 4373E- 01 


C.2282E 00 
0. 3638E-01 


0.63B1E 00 
0. 2946 E-01 


STRUCTURAL HEIGHT* 0.2893E 02 


REDESIGH OPERATION FOLLOWS 

TERMINAL DESIGN— LIGHTEST CRITICAL DESIGN IS DESIGN NUMBER 1 
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P.1.1 


P . PLATE ELEMENTS 


P. 1 Square Plate with Clamped Edges - Problem 1 



Figure P.1.1 

Uniformly Loaded Plate. 
(Shaded region is modelled 
by finite elements) 


We consider a square, clamped plate 
subjected to a uniform normal pressure of k 
16 psi. Multiple symmetries permit us to 
treat only one -eighth of the plate as in- 
dicated in Fig. P.1.1; the finite element 
mesh employed in the design is shown in 
Fig. P.1.2. The clamped boundary conditions 
on AC and the symmetry requirements on BC 
are imposed by the appropriate motion 
code on Nodal Point Data cards, but 
Boundary Elements must be used to enforce 
the symmetry condition (vanishing slope) on 
the skewed line AB. 


The data used in the design is 

E = 10.5 x 10^ psi 
V = 0.3 


a* = a* = 12,000 psi 
t c r 


p = 0.1 lb/cu. in. 


(Young’s modulus) 
(Poisson’s ratio) 
(Allowable stresses) 
(Specific weight) 


u* = 0.1 in. at center of plate (allowable displacement), 
z 

Rotational springs are used for the boundary elements^ with a spring 


constant of 2 x 10° in. lb/rad. each. This value is roughly 100 times 


i m u ii « i mini hi i i i i 1 1 i i i in uni mini 


Figure P.1.2 

Finite Element Mesh Showing Element and Node Numbers 

higher than the corresponding stiffness k = M/0 (see Fig. P. 1,3). of 
a typical element in the initial design. As most elements become 



Figure P.1.3 

Computation of Rotational 
Stiffness of a Plate Element. 


thinner during redesign, the 
boundary elements become rela- 
tively stiffer and more effective 
in enforcing the symmetry con- 
dition on AB. 

The initial design is a uni- 
form plate of thickness 0.3 in. 

No minimum size constraints were em- 
ployed in the design. All plate ele 
ments were sized independently. 







P.1.3 


Table P.1.1 shows that the first four redesigns were completely 
governed by the displacement constraint. It is very likely this 
portion of the design could be speeded up by over- relaxation (the 
"normal" value of the relaxation factor, a = 0.75, was used). From 
the fifth design onwards, an increasing number of stress constraints 
become active, and slow down the convergence. In fact, an increase 
in weight occurs in design No. 7, which is not overcome in the next 
two redesign cycles. The use of over- relaxation would be ineffective 
in this case due to the presence of stress constraints. 

Slow convergence is not uncommon in design problems where a 
gradual change occurs in the critical constraints. It is seldom 
practical to run such problems until the optimality criteria are 
reached. It has been our experience, however, that the structural 
weight does not decrease much after the first 4-6 redesigns, although 
the design variables may change considerably. In this particular pro- 
blem, for example, we would not hesitate to adopt design No. 6 as the 
final design. 

Special notes on input -output : 

1) The normal pressure was specified on the element cards, not as nodal 
point loads (see Thin Plate/Shell Element Data). 

2) Since the stiffness matrix of each plate element has the form 

3 

[IC] = [k^]A (A is the plate thickness), uniform scaling was de- 
clared to be an exact operation by the use of KSCALE = 3 (see 
Design Control Data). The scaling factor is actually a little in 
error due to the presence of the boundary elements with finite 


stiffness constants . 



P.1.4 


3) The isotropic von Mises yield criterion was employed for stress 
constraints. By leaving the allowable shear stress a* blank on 
the material property cards, a* = o*//3 was used in the design 
[see Material Property Table). 


Element 



Critical 

, Scaled Designs 

(thickness in inches) 



0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

1 

.3225 

.2446 

.1852 

.1399 

.1054 

.0792 

.0595 

.0500 

.0449 

.0393 

2 

.3225 

.2562 

.2024 

.1579 

.1214 

.0923 

.0696 

.0586 

.0512 

.0438 

3 

.3225 

.2826 

.2471 

.2102 

.1719 

.1360 

.1052 

.1096 

.1282 

. 1468 

4 

.3225 

.3183 

.3223 

.3182 

.2986 

.2680 

.2305 

.2315 

.2280 

.2140 

5 

. 3225 

.3445 

.3894 

.4350 

.4673 

.4954 

.5212 

.6089 

.6457 

.6381 

6 

.3225 

.2603 

.2091 

.1658 

.1285 

.0973 

.0723 

.0708 

.0764 

.0779 

7 

.3225 

.2637 

.2176 

.1820 

.1504 

.1205 

.0939 

.0803 

.0705 

.0605 

8 

.3225 

.2611 

.2199 

.2010 

.1889 

.1709 

.1462 

.1329 

.1191 

.1032 

9 

.3225 

.2571 

.2211 

.2232 

.2482 

.2810 

.3162 

.3882 

.4201 

.4197 

10 

.3225 

.2637 

.2197 

.1899 

.1686 

.1488 

.1287 

.1321 

.1376 

.1347 

11 

.3225 

.2673 

.2235 

.2027 . 

.1890 

.1716 

.1497 

.1455 

.1454 

.1425 

12 

.3225 

.2626 

.2210 

.2057 

.2023 

.1938 

.1778 

.1801 

.1808 

.1742 

13 

.3225 

.2880 

.2857 

.2960 

.2933 

.2785 

.2566 

.2608 

.2575 

.2433 

14 

.3225 

.3185 

.3361 

.3575 

.3581 

.3437 

.3212 

.3326 

.3332 

.3191 

15 

.3225 

.4226 

.4889 

.5130 

.5055 

.4816 

.4499 

.4679 

.4706 

.4519 

Wt. (lb.) 

.01612 

.01427 

.01318 

.01258 

.01199 

.01126 

.01046 

.01104 

.01126 

.01094 


T3 


trt 


Table P.1.1 

Design History of Element Thicknesses and Total Structural Weight 
(Underlined thicknesses are governed by stress constraints.) 
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1 
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1 6 
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0 56 50 
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05700 
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05750 

20 
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1 

2 

7 

1 

1 

16. 


06300 

2 

2 

3 

8 

7 1 

2 

16. 


06350 

3 

3 

4 

9 

8 1 

3 

16. 


064 00 

4 

4 

5 

10 

9 1 

4 

16. 


064 50 

5 

5 

ft 

1 1 

10 l 

5 

16. 


06500 

6 

7 

8 

1 2 

1 

6 

16. 


06550 

7 

8 

9 

13 

12 1 

7 

16. 


06600 

8 

9 

10 

14 

13 1 

8 

16. 


06650 

9 

10 

L 1 

15 

14 1 

9 

16. 


1)6700 

10 

1 2 

13 

1 6 

I 

10 

16. 


06750. 

1 1 

1 3 

14 

1 7 

16 1 

11 

16. 


06 800 

1 2 

14 

15 

18 

1 7 l 

12 

16. 


06850 

1 3 

16 

17 

19 

1 

1 3 

16. 


06900 

14 

1 7 

18 

20 

19 1 

14 

1 6. 


06950 

1 5 

19 

20 

2 1 

1 

15 

16. 


07000 

7 

5 







07050 









07100 

1 

7 

1 
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2000000, 

07150 

2 

12 

7 
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2000000, 

07200 

3 

16 

12 



1 


2000000 

072 50 

4 

t 9 

1 6 
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2000000 

07300 

5 

21 

19 



1 


2000000 

073 50 

1.0 








07400 

2 1 

l 



. 1 


-. I 


0 74 50 









07500 
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Echo of Input Cards 
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CL ANPED SQUAPE PLATE - STRESS AND DISP. CONSTRAINTS 

NUMB-EH OF NODAL POINTS * 21 
R1JBRPR Of EL EH PUT TYPES « 2 
RUBBER Of LOAD CASES - 1 
ROBBER OP DBS. VARIABLES * IS 


DESIGN COM*POL DATA 

NCYCL * 10 

A SCALED 3 

DELTA * 0.2500E-01 

PP5IL * 0.1000E 00 

BDISP * 1 

ONEGA « 0. 00000 

ALPA * 0.75000 


DESIGN VARIABLE INPnT DATA 


DESIGN 

VARIABLE INITIAL BIN ALLOWABLE 

ROBBER VALUE VALOE 


1 

0.3000E 

00 

0.0 

2 

0.3000P 

00 

0.0 

3 

0.3000E 

00 

0.0 

4 

0.3000E 

00 

0.0 

5 

0.3000F 

00 

0.0 

6 

0.3000E 

00 

O.P 

7 

0.3000E 

00 

0.0 

B 

0.3000E 

oc 

0.0 

9 

0.3000B 

00 

0.0 

10 

0.3000E 

00 

0.0 

11 

0.3000E 

00 

0.0 

12 

0.3000E 

00 

0.0 

13 

0.3000E 

00 

0.0 

14 

0.3000E 

00 

0.0 

15 

0.30008 

00 

0.0 

WODAL 

POINT INPUT 

DATA 



NODE BOUNDARY CONDITION CODES / NODAL POINT COORDINATES / 


RUBBER 

I 

Y 

2 

II 

YY 

22 

X 

Y 

7. 


T 

1 

-1 

-1 

-1 

-1 

1 

-1 

0.0 

0.0 

0.0 

0 

0.0 

2 

0 

0 

c 

0 

0 

0 

2.000 

0.0 

0.0 

0 

0.0 

6 

0 

0 

1 

1 

1 

0 

1C. 000 

o.o 

0.0 

1 

0.0 

7 

0 

0 

0 

0 

0 

0 

2.000 

2.000 

0.0 

0 

0.0 

11 

0 

0 

0 

0 

1 

0 

1C. 000 

2.0«0 

0.0 

1 

0.0 

12 

0 

0 

0 

0 

0 

0 

tt.OOO 

4.000 

0.0 

0 

0.0 

15 

0 

0 

0 

0 

1 

0 

10.000 

4.000 

0.0 

1 

0.0 

16 

0 

0 

0 

0 

0 

0 

6.000 

6.000 

0.0 

0 

0.0 

IB 

0 

0 

0 

0 

1 

0 

10.000 

6.000 

0.0 

1 

0.0 

19 

0 

0 

0 

0 

0 

n 

R.000 

p.eoo 

0.0 

0 

0.0 

20 

f\ 

0 

0 

0 

1 

0 

tO.noo 

B.O^C 

c.o 

0 

0.0 

21 

0 

0 

0 

0 

1 

0 

10.000 

Computer 

10.000 

Printout 

0.0 

fl 

0.0 


(Input data, the initial design and the final design only are reproduced.) 



GENERATED NODAL DATA 


NODE BOUNDARY CONDITION CODES / NODAL POINT COORDINATES / 


NUMBER 

X 

Y 

Z 

XX 

YY 

7 . 7 . 

X 

Y 

7 . 

T 

1 

-1 

-1 

-1 

-1 

1 

-1 

0.0 

0.0 

0.0 

0.0 

2 

-1 

-1 

-1 

-1 

0 

-1 

2.000 

0.0 

0.0 

o.c 

3 

-1 

-1 

-1 

-1 

o 

-1 

4.000 

0.0 

0.0 

o.c 

4 

-1 

-1 

-1 

-1 

0 

-1 

6 . 0 n Q 

o.o 

0.0 

0 . 0 

5 

-1 

-1 

-1 

-1 

0 

-1 

9.000 

0.0 

C.O 

0.0 

6 

-1 

-1 

1 

1 

1 

-1 

10.000 

0.0 

0.0 

o . o 

7 

-1 

-1 

0 

0 

0 

-1 

2.000 

2.000 

0.0 

0.0 

' 8 

-1 

-1 

0 

0 

0 

-1 

4.000 

2.000 

o.c 

0.0 

9 

-1 

-1 

0 

0 

0 

-1 

6.000 

2. Dor 

C.O 

0.0 

10 

-1 

-1 

0 

0 

0 

-1 

8.000 

2 . COO 

C.O 

0.0 

11 

-1 

-1 

0 

0 

1 


10.000 

2.000 

o.o 

0.0 

12 

-1 

-1 

0 

0 

0 

*1 

4.000 

4 . COO 

0.0 

o.c 

13 

-1 

-1 

0 

0 

0 

-1 

6.000 

4 . 0 C 0 

0.0 

0.0 

14 

-1 

-1 

0 

0 

0 

-1 

8.000 

4.000 

0.0 

n , 0 

15 

-1 

-1 

0 

0 

1 

-1 

10.000 

4 . nno 

0.0 

0.0 

16 

-1 

-1 

0 

0 

0 

-1 

6.000 

6.000 

0.0 

0.0 

17 


-1 

0 

0 

0 

-1 

8.000 

6 . COD 

0.0 

o.o 

10 

-1 

-1 

0 

0 

1 

-1 

10.000 

6.000 

C.O 

0.0 

19 

-1 

-1 

0 

0 

0 

-1 

8.000 

8.000 

0.0 

0.0 

20 

-1 

-1 

0 

0 

1 

-1 

10.000 

fl.OOC 

0.0 

0.0 

21 

-1 

- 1 

0 

0 

1 

-1 

10.000 

10 . OQ 0 

C.O 

0.0 


EQUATION NUMBERS 
N X Y 

z 

XX 

YY 

zz 

1 

0 

0 

0 

0 

0 

0 

2 

0 

0 

0 

0 

1 

0 

3 

0 

0 

0 

0 

2 

0 

4 

0 

0 

0 

0 

3 

0 

5 

0 

0 

0 

0 

4 

0 

6 

0 

0 

0 

0 

0 

0 

7 

0 

0 

5 

6 

7 

0 

8 

0 

0 

8 

9 

10 

0 

9 

0 

0 

11 

12 

13 

0 

10 

0 

0 

14 

15 

16 

0 

11 

0 

0 

17 

18 

0 

0 

12 

ft 

0 

19 

20 

21 

0 

13 

0 

0 

22 

23 

24 

0 

14 

0 

0 

25 

26 

27 

0 

15 

0 

0 

28 

29 

0 

0 

16 

0 

0 

30 

31 

32 

0 

17 

0 

0 

33 

34 

35 

0 

18 

0 

0 

36 

37 

0 

0 

19 

0 

0 

38 

39 

40 

0 

20 

0 

0 

41 

42 

0 

0 

21 

0 

0 

43 

44 

ft 

0 





00 


THIN PLATK/SH FLT. 


ELEMENT? 


NUHBEF OF FLEMENTS - IS 
NUHBFF OF MATERIALS = 1 
NDMBFF OP TEMP CARDS= 1 
CONSTPN CODE = 1 


HATEPIAL PROPERTY TABLE 


HATPPIAL 

NUMBFP 

win OF 
TEMP 

SPECIFIC 

WEIGHT 

TEMP 

YOUNGS 
MOD HI. ns 

POISSONS' 

PATTO 

'S rOFFFT OF 

T HEPM EXPN 

/ 

TENSION 

-ATI.^WAPI.F STRESS 
COMPRESSION 

FS 

SHFAP 

— / 

1 

1 

0. 10000 

o 

e> 

I.OS^OOE 01 

0.3O0 

0.0 

12000.00 

12000. DC 

6924. CO 



ELEMENT LOAD CASS KHI.TTPL TENS 


ELEMENT LOAD 
CASE NUMBER 

PRESSURE 

THERMAL 

EFFECTS 

X- 

ACCELER A TION 

Y- 

accflfpatton 

z- 

ACCET FPATT ON 

1 

1.C00 

0.0 

0.0 

o.O 

0.0 

2 

0.0 

0.0 

0. n 

0.0 

0.0 

3 

0.0 

0.0 

0.0 

0.0 

0.0 

4 

0,o 

0.0 

0.0 

O.o 

0,0 


THIN PLATE/SHELL ELTHENT DATA 


ELEMENT 





MATERIAL 

DES VAP 

NORMAL 

FFFFFENCE 

DES VAP 

BETA 

BAND 

NDMBEP 

NODE-I 

NODE-J 

NODE-K 

NODE-L 

NUMBER 

NUMBER 

PFESSHRF 

TEMPERATURE 

FRACTION 


WIDTH 

1 

1 

2 

7 

o ' 

1 

1 

16.0000 

0.0 

1.0«OC 

0.0 

7 

2 

2 

3 

R 

7 

1 

2 

16.0000 

0.0 

i . oo'no 

0.0 

10 

3 

3 

4 

9 

0 

1 

3 

16.0000 

0.0 

1.0000 

0.0 

12 

4 

4 

5 

10 

9 

1 

4 

16.000C 

0.0 

1 .0 r -00 

0.0 

14 

5 

5 

6 

11 

10 

1 

S 

16.0000 

0.0 

i.6™o 

0.0 

15 

6 

7 

8 

12 

0 

1 

6 

Ifi.COOO 

C.O 

i . nno " 

0.0 

17 

7 

8 

9 

13 

12 

1 

7 

16.0000 

0.0 

1.0090 

0.0 

17 

S 

9 

10 

14 

13 

1 

8 

16.0000 

O.' 1 

1.O0 n 0 

0.0 

17 

9 

10 

11 

15 

14 

1 

9 

16.0000 

0.0 

1 .C^o 

0.0 

16 

10 

12 

13 

16 

0 

1 

10 

16.0000 

C.O 

1.000R 

0.0 

14 

11 

13 

14 

17 

16 

1 

11 

16.0000 

0.0 

i . ori'o 

0.0 

14 

12 

14 ' 

15 

18 

17 

1 

12 

16.0000 

0.0 

1.00*0 ’ 

0 . 0 f ■ 

13 

13 

16 

17 

19 

0 

1 

13 

16.0000 

0.0 

1.0000 

0.0 

11 

14 ‘ 

17 

18 

20 

19 

1 

14 

16.0CC0 

0.0 

1.0000 

0,0 

10 

15 

19 

20 

21 

0 

1 

15 

16.0000 

0.0 

1.0099 

0.0 

7 


*X) 


to 



BOUNDARY FL EVENTS 
NUMBER OF ELEMENTS = 5 

ELEMENT LOAD MULTIPLIERS 

A B C D 

0,0 0.0 0.0 0.0 


BOUNDARY ELEMENT DATA 


CONST 

NODE 

/--NODES DEFINING CONSTRAINT DIRECTION--/ 


CODES 

PIS PL 

ROTATION 

STIFF 


NUMBER 

N 

NT 

NJ 

NK 

NL 

KD 

KP 

D 

P 

s 


1 

7 

1 

0 

0 

0 

n 

1 

0.0 

0.0 

2. OOP 

06 

2 

12 

7 

0 

0 

0 

o 

1 

0.0 

0.0 

2.00D 

06 

3 

16 

12 

0 

0 

0 

0 

1 

0.0 

o . 0 

2.00D 

06 

4 

19 

16 

0 

0 

n 

0 

1 

0.0 

'0.0 

7.000 

06 

5 

21 

19 

rt 

0 

0 

0 

1 

0.0 

0.0 

2.00D 

06 

STRUCTURE 


STRUCTURE 

LOAD MULTIPLIERS 








LOAD CASE 


A B 

C 

D 








1 

1 

.OCO 0.0 

0.0 

0.0 









NODAL DI S PL AC EHE NT/ROT ATI CN CONSTRAINTS 

NODE LOAD/ MAX . A LLOVA BT E DISPLACEMENTS AND POTATIONS / 


NO. CASE DX 

PY 

DZ 

RX 

RY 

R2 

-DX 

-DY 

-DZ 

-PX 

-PY 

-RZ 

21 1 0.0 

0.0 

0. 10000 

0.0 

0.0 

0.0 

0.0 

0.0 

-0. 10000 

0.0 

o.c 

o.o 


NODAL POINT LOADS 

NODE LOAD APPLIED LOADS 

HO. CASE RX RY RZ MX MY MZ 


TOTAL NUMBER OF EQUATIONS = 44 
BANDWIDTH = 17 
NUMBER OF EQUATIONS IN A BLOCK = 44 
NUMBER OF BLOCKS = 1 


P.1.10 


****************************** 
ANALYSTS OP DESIGN HUH BE® 0 

****************************** 


NODAL DISPLACEMENTS AND ROTATIONS 


NODE LOAD 


r 

Y % 


XX 

YY 


21 

1 

0.0 

0.0 

1 .242E-01 

1.501 IE- 

04 

0.0 

0.0 

20 

1 

0.0 

0.0 

1 , 1.5 3E- 01 

8.757 1 E- 

03 

r ,c 

0.0 

19 

1 

0.0 

0.0 

1.074F-01 

8. 13R5E- 

03 

-7.R620F-P3 

P.c 

18 

1 

0.0 

0.0 

9.0575-02 

1.5840E- 

02 

0.0 

0.0 

17 

1 

0.0 

0.0 

9.448E-02 

1.4715E- 

02 

-6.C4R1E-03 

0.0 

16 

1 

0.0 

0.0 

6.7035-02 

1. 1569E- 

02 

- 1 . 1 343E-02 

0.0 

15 

1 

0.0 

0.0 

5.486E-02 

1.*»4B7E- 

02 

0.0 

0.0 

19 

1 

0.0 

0.0 

5. 125F-02 

1.8163E- 

02 

-3. 5911 E- 03 

0.0 

13 

1 

0.0 

0.0 

4.084F-02 

1.4342E- 

02 

- 6 .69585-03 

o.O 

12 

1 

o 

o 

0.0 

2. e; 31 E-02 

8.7277E- 

03 

-R. 58252-03 

0.0 

11 

1 

0.0 

0.0 

1.8235-02 

1.6175E- 

02 

0.0 

0.0 

10 

1 

0.0 

0.0 

1 .707F-02 

1.5 1205- 

02 

-1.0 R79E-03 

0.0 

9 

1 

0.0 

0.0 

1 . 369E-02 

1 .2075E- 

C? 

- 2 . 0706E-03 

0.0 

8 

1 

0.0 

0.0 

8 • 522E-03 

7.4622E- 

03 

-2.7074F-03 

c.o 

7 

1 

0.0 

0.0 

2.R45E-03 

2.4512F- 

03 

-2.3PR4E-03 

0.0 

6 

1 

0.0 

0.0 

0.0 

0.0 


0.0 

0.0 

5 

1 

0.0 

0.0 

0.0 

0.0 


8.131 0P-05 

0.0 

4 

1 

0.0 

0.0 

0.0 

0.0 


1 . 52 1 RE-C4 

0.0 

3 

1 

0.0 

0.0 

0.0 

0.0 


1.2669F-C4 

0.0 

2 

1 

0.0 

0.0 

0.0 

0.0 


2.1028E-04 

0.0 

1 

1 

0.0 

0.0 

0.0 

0.0 


0.0 

0.0 

VALDES 

OF 

DESIGN 

VARIABLES 








1 

2 

3 

4 


5 

6 

0 

0. 

3000E 00 

0.3000E 00 

0.3000E 00 0. 

3000E 00 

0. 

3 n 0DE 00 0. 

300OE 

10 

0. 

3000E 00 

0.30005 00 

0.30005 00 0. 

3000E 00 

0. 

300CE 00 



?A 


7 0 9 10 

0.3000E 00 n,^0O0E 00 0.30005 00 0.3000F 00 




.11 



ANALYSTS OF PI.ATE/SHELL ELEMENTS ,CONSTPN COPE 


1 


ELEMENT 

NUMBER 

ELEMENT 

THICKNESS 

LOAD /-’ 
CONE 

NIX 

- -m FND FA NE FOPCP5-- 
NYY 

NX Y 

--// B EN D T NG /? V T ?T T N G 

KXy MW 

RDM 

ENTS 

MX Y 

-/ 

1 

0.3000E 

00 

1 

0.0 

0.0 

o.o 

-0.20 3. IE 

02 

-C. 2058? 

"2 

- d , 184* E 

02 

2 

0. 3000E 

00 

1 

0.0 

0..0 

n . o 

-0. 219 2F 

02 

-0.6513F 


-0.2992? 

02 

3 

0.3000E 

00 

1 

0.0 

0.0 

O.D 

-O. 3374E 

02 

-0.1255? 

03 

-0.2650E 

02 

4 

0. 3000E 

00 

1 

0.0 

0.0 

o.o 

-C.4703E 

"2 

-D.1747E 

03 

-7. 16R0E 

02 

5 

0. 3000E 

00 

1 

0.0 

0.0 

P.D 

-C. 54 4 OF 

0? 

-0.2D12F 

D3 

-0.5758F 

01 

6 

0.3000E 

00 

1 

0.0 

0.0 

0 .D 

-0. 4723F. 

02 

0.2016? 

D2 

-0.3735F 

02 

7 

0. 3000E 

00 

1 

0,0 

0.0 

0 ,D 

0 . 9S00E 

01 

-0. 1P^2E 

D2 

-7.4707? 

02 

8 

0. 30 OPE 

00 

1 

o.o 

0.0 

0.0 

0. 16 19 E 

02 

-0.2651F 

02 

-7. 3222E 

02 

9 

0, 30 COE 

00 

1 

0.0 

0.0 

o .c 

0. 1799E 

02 

- 0 . 3 2 1 u F 

02 

“0. 1119 E 

02 

10 

0.1000E 

00 

1 

0.0 

o.o 

D.O 

0.9150F 

00 

0.7722E 

02 

-7.2660E 

02 

11 

0.3000E 

00 

1 

o.o 

0.0 

o.o 

0.6663? 

02 

C.5673? 

n ? 

-0.32C7E 

02 

12 

0.3000E 

00 

1 

0.0 

0.0 

o.o 

0.763BF 

02 

0.64R1E 

02 

-0.113RE 

02 

13 

0.3O00E 

00 

1 

0.0 

0.0 

0.0 

0.7891? 

02 

0. 1 210E 

03 

“0.9313? 

01 

14 

0.3000E 

00 

1 

0.0 

0.0 

o.o 

0. 1 16 9 E 

03 

0.11*7? 

01 

-0.8037? 

01 

15 

0.3000E 

00 

1 

0.0 

0.0 

o 

o 

0. 1346F 

03 

0.1428E 

■73 

0.102RE 

01 


ANALYSIS CF 

BOUNDARY 

ELEMENTS - 

CONSTRAINT 

FORCES 

CONST NUMBER 

LOAD 

CASE 


FORCE 

MOMENT 

1 

1 


0.0 


-0.88759E 02 

2 

1 


0.0 


-0.20540F 03 

3 

1 


0.0 


-0. 31984E 03 

4 

1 


0.0 


-0, 39125F 03 

5 

1 


o 

o 


-0.21229E 03 


******************************* 
EVALUATION OP DESIGN NUMB EP 0 
************************** ***** 



STRESS RATIO 

LOAD COND 

DES 

VARIABLE 

MAX 

0. 1001E 01 

1 


5 

MTN 

0.4593? 00 

1 


1 


MAX DISP RATIOS 

LOAD COND 

EON 

number 


0. 1242E 01 

1 

43 



UNIFORM SCALING OPERATION FOLLOWS 


SCALE FACTOR IS 1.075AND DETERMINED BT DISPLACEMENT CONSTRAINTS 


DESIGN VARIABLES OF SCALED (CRITICAL) DESIGN APE 


VALUES OF DFSIGN VARIABLES 


P.1.12 


10 


0 0.3225E 00 

10 0.3225E 00 


0.322SE 00 
0.3225E On 


0.3225E 00 
0.3225E CC 


0.3225F nn 
0.322SE On 


0 . 3225 * 00 
0 . 3225P no 


0. 3225E 00 0, 1?2 C E O') 


.322^0 no 0.3225E on ", 32251: 00 


STRUCTURAL WETGHT= 0.1612E 01 


REDESIGN OPERATION POLLOWS 


OPTIMALITY INDEX OF DESIGN VARIABLES FOR DISPT. CONSTANTS 


DV NO ACT/PAS 


TNPEX 


1 

ACT 

-0. 33R50E-01 

2 

ACT 

-0. 17R20E 00 

3 

ACT 

-0.50518P 00 

4 

AC' 1 ’ 

-0.947fi4E 00 

5 

ACT 

-0. 12728E 01 

fi 

ACT 

-0.22R93E 00 

7 

ACT 

-0. 27 120 E 00 

fl 

ACT 

-0.23R56E 00 

9 

ACT 

-0. 1B862E 00 

10 

ACT 

-0.27117E 00 

11 

ACT 

-0. 27125F 00 

12 

ACT 

-0.25715E 00 

13 

ACT 

-0.57257E 00 

14 

ACT 

- 0. 9 504 RE 00 

15 

ACT 

-0.22422E 01 


NO. OP ACTTVP DISPLACEMENT CONSTRAINTS ARP 


1 



****************************** 
ANALYSTS OF DESIGN NUKB 9 

****************************** 


' NODAL DISPLACEMENTS AND POTATIONS 


NODE LOAD 


X 

Y 

7 , 


XX 

YY 


77 




21 

1 

0.0 

0.0 

1.C06S- 

01 

1.2931F- 

04 

C.n 

C.O 





20 

1 

0.0 

0.0 

9.71 UE- 

02 

3.574RE- 

03 

0.0 

0.0 





19 

1 

0.0 

0.0 

9.493E- 

02 

2.6407F- 

03 

-2.4U70E-01 

0.0 





18 

1 

0.0 

0.0 

8.009E- 

02 

1.3263E- 

02 

0.0 

0.0 





17 

1 

0.0 

0.0 

B.168E- 

02 

1.1323P- 

02 

1.RRU6F-C3 

0.0 





16 

1 

0.0 

0 . 0 

B.483E- 

02 

-1.1351F- 

04 

2.1704E-04 

0.0 





15 

1 

0.0 

0.0 

3.748E- 

02 

1.P09BE- 

02 

0.0 

0.0 





m 

1 

0.0 

0.0 

3.972E- 

02 

1.9769F- 

02 

1.8241E-03 

0.0 





n 

1 

0.0 

0.0 

7.333E- 

02 

1.411 1E- 

>02 

2.1B48F-02 

0.0 





12 

1 

0.0 

0.0 

1.035E- 

-01 

-5.9647E- 

03 

6 . 0026F-03 

0.0 





11 

1 

0.0 

0.0 

9.176E- 

03 

8. 1413B- 

■03 

C.O 

0.0 





10 

1 

0.0 

0.0 

9.157E- 

-03 

8.521 1 E- 

■03 

-3.3690E-04 

0.0 





9 

1 

0.0 

0.0 

2.416E-02 

1.R338E- 

•02 

1 • 1 378F-02 

0.0 





8 

1 

o 

o 

0.0 

6.331E- 

•02 

4.6100E- 

•02 

2 . 171 2F-02 

o.o 





7 

1 

0.0 

0.0 

9.141E-D2 

U.6574F-03 

-4.6317E-03 

0.0 





6 

1 

0.0 

0.0 

0.0 


0.0 


0.0 

0.0 





5 

1 

0.0 

0.0 

0.0 


0.0 


-7.4002E-04 

0.0 





4 

1 

0.0 

0.0 

0.0 


0.0 


4.^493F-04 

0.0 





3 

1 

0.0 

0.0 

0.0 


0.D 


-5.5R17F-03 

o.c 





2 

1 

0.0 

0.0 

0.0 


0.0 


3.4017E-02 

0.0 





1 

1 

0.0 

0.0 

0.0 


0.0 


0.0 

0.0 





VALDES 

OP 

DESIGN 

VARIABLES 













1 

2 

3 


4 


5 

6 

7 

8 , 

9 

10 

0 

0 . 

3435P-01 

0. 3830E-01 

0 . 1 282 E 00 

0 . 

1870E 00 

0. 

5574E 00 C. 

6B05E-01 

0.-52R3F-01 

0.9CV7E-01 

0.3666P 00 

0.1176E 00 

10 

0 . 

1245E 00 

0.1522E 00 

0.2126E 00 

c . 

2788F 00 

0 . 

394BF 00 







P.1.14 


ANALYSIS 

OF PLATE/SHETL ELFMFN 

?S , CONSTRN 

conF » i 


ELEMENT 

ELEMENT 

LOAD /-- 


MFMPRANE F’TPCFS-- 

— 

NTIMBER 

THICKNESS . 

COND 

NXX 

NYY 


1 

0.3435E-01 

1 

0.0 

0.0 

O.n 

2 

0.3830E-01 

1 

0.0 

0.0 

O.n 

3 

0. 1282E CO 

1 

0.0 

0.0 

n.O 

4 

0. 1870E 00 

1 

o.o 

0.0 

O.n 

5 

0.5574E 00 

1 

0.0 

0.0 

0 .^ 

6 

0.6805E-01 

1 

0.0 

0 . 0 

0.0 

7 

0 . 5283E-0 1 

1 

0.0 

0.0 

‘ 0.0 

B 

0. 90 17E-01 

1 

0.0 

0 .n 

0.0 

9 

0.3666E 00 

1 

0.0 

O.C 

0.0 

10 
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ANALYSTS OF BOUNDARY ELEMENTS - CONSTRAINT FORCES 
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STRUCTURAL WEIGHT= 0. 1094E 01 
REDESIGN OPERATION FOLLOWS 
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P.2 Square Plate with Clamped Edges - Problem 2 

We consider the same plate as in Sec. P.1, but without any dis- 
placement constraints and with an increased allowable normal stress 
of cr£ = cr* = 60,000 psi. A change was also made in the finite element 
mesh: one quarter of the plate was modelled as shown in Fig. P.2.1 

(this dispenses with the need for boundary elements.) The problem is 
now identical to the plate designed in Ref. [12], and provides us with 
a check of our design procedure. 

A comparison of the weight-histories is given in Fig. P.2.2, and 
the final design variables are shown in Fig. P.2.1. Due to somewhat 
different details of the two design procedures, the weights of the 
individual designs are not identical, but the overall convergence 
characteristics are the same. The distribution of material in Fig. P.2.1 
is also similar for the two designs, the differences being mainly due 
to the larger number of design cycles used in Ref. [12]. 

The following statement is made on p. 94 of Ref. [12]: "... 

after fifteen resizings, a discontinuous material distribution has 
developed which as yet cannot be accounted for." This "discontinuous" 
distribution is very apparent in the results of DESAP 1 in Fig. P.2.1, 
where the thicknesses of some elements (underlined figures) have 
become very small. We disagree, however, with the conclusion that 
such material distribution cannot be explained; quite to the contrary, 
the tendency of the thickness to vanish at certain locations is quite 


sensible. 



P.2.2 


The very small, underlined element thicknesses in Fig. P.2.1 
are an indication that there is a tendency for a "hinge" (line of 
zero thickness) to develop in the plate. The presence of hinges in 
the optimal design of statically indeterminate beams is a common 
occurrence; consequently it may well be that a plate of optimal 
weight also consists of several "solid" sections connected by hinges. 

This problem, as the truss in Sec. L.l, has a very slow con- 
vergence rate due to the absence of reasonably large minimum size 
constraints. In fact, it is unlikely that the fully stressed design 
will ever be reached unless some constraint is placed on the minimum 
thickness. The trouble is that the fully stressed design, if it con- 
tains hinges, cannot be always reached by a continuous design process 
without violating the stress constraints at some intermediate stage. 
As a result, the design variables would eventually oscillate about 
the fully stressed design. 



Clamped 


Upper figures: DESAP 1 after 8 redesigns. 

Lower figures: Ref. [12] after 15 redesigns 

Unusually small thicknesses are underlined. 
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Figure P.2.1 


Final Distribution of Thickness for Plate 
with Stress Constraints Only. 


Centerline 


Structural Weight (lb . 


1.6 



Figure P.2.2 

Design History for Plate with Stress Constraints Only. 
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